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ACENOWLEDGEMENTS AND A REVISN OF THE
WORK OF OTHZR AGRNCIES IN THLS FIZLD

Most of the infarmation concerning the radioactive contamination
levels during CASTLE test Operation were first obtained from
Dr. Dunning of the Division of Biology and Medicine of the AEC,
Be kindly transmitted to us the NYOO airplane readings of the con-
taminated islands taken by Merrill Eisenbud's unit, Dr, Dunning
also transmitted to us the JTF-7 radiological survey data and the
gamma ray readings of Rongelap, Rongerik and Alinginae which were
made by Dr, Scoville of APSWP and which helped considerably in the
final analysis of CASTLE BRAVO shot, The above information was
used to prepare a preliminary report (See Reference 6). Subsequently
most of the same data became available in the Project 2.5a report
(See Reference 12), Other persomnel who kindly furnished us basic
data were Lt Col Bormott of JTF-7 and Col Houghton of AFSWC, We
have worked closely in the past with RAND in the problem of radioac-
tive fallout up to but not including CASTLE data. At this point the
RAND and ARDC analyses vary considerably. Primarily RAND believes
that 90% of the activity in the cloud is in the mushroom and only
10% in the stem, ARDC analysis shows 80% activity in the stem and
only 20% in the mushroom most of which is non-scavengable or falls
out at much l:ter times. RAND assumes fallout originates from
100,000 ft. msl for CASTLE BRAVO, ARDC assumes that the fallout
in the first 15 to 30 hours does not come from above 60,000 ft,
The USNRDL scaling of Jangle-~Surface shot did not consider any
fallout beyond 3 to 5 miles downwind of ground zero, Within this
area only 10 to 15% of the total residual activity was deposited,
The ARDC Analysis (See Reference 1) showed that the immediate
downwind fallout reached as far as 90 miles downwind and this
fallout area accounted for approximately 85% of the total activity.
It is presumed that the NRDL scaling model will be altered to account
for this discrepancy. It appears to us that the AFSWP Report 507
adopted the NRDL scaling model for CASTLE BRAVO shot. Undoubtedly
AFSWP and NRDL have in more recent work changed their scaling model,
but such changes are not yet made known to us, The U, S, Weather
Bureau and the Air Weather Service have studied the fallout problenm
primarily from the point of view of minimizing contamination during
atomic test operations, The Arimy Chemical Corps and the Signal Corps
have also studied the fallout problem, It is clearly shown above
that at the present time the effort in this field of endeavor through-
out the Defense Department, AEC and the Weather Bureau is quite
extensive, It is hoped that &t some future date a coordinated
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ABSTRACT

1. The first shot of CASTLE Test Operation is analyzed in
detail, and this, together with Jangle-Surface shot, is used for
scaling of fallout iptepsities ani areas for yields of 1 KT to
225 MI'. A method 1s also given to predict the fallout for any
scaled height., Table I (see following page) gives the 48 hour
integrated dose in roentgens within downwind contaminated areas
in square miles for different yleld bombs exploded on the surface.
The values given in Teble I are generally much higher than the pre-
dictions made by other agencies in this field. It is possible to
determine the extent of downwind contamination for any yield bomb
detcnated at any scaled height by the use of Table II (sese follow-
ing page).

2, The offensive and defensive implication of such highly
contaminated areas are discussed., Celculstions are made on the
dosage received by aircrews accidentally penetrating young
atomic clouds from multi-megaton bombs, Estimates are given
on the contact beta hazard to the hands of malitenance personnel
from contaminsted engine perts.

3. The fallout picture is given for all of the United States
when 111 bombs of 15 megaton yield are surface detonated over
106 cities whose population is 100,000 or more and on five other
selected airbases, This is illustrated graphically in Figure
1. An inspec ion of this Figure shows that there is'no place
to hide’ in this country under above listed circumstences.
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48-hour Areas in Square Miles for the Following Yield (KT) Surface Burst Bombs *

Integrated , -

Dose in Roentgens 1.'15'1 10 100 500( 1,000 ) 5,000 | 15,000 | 45,000} 60,000 | 100,000 {225,000
13,000 0.013 0.22 | 3.18| 25 i 288 | 1,000 | 3,620 s,030 | 8,900 22,600
3,330 0.0 0.47 6.9 53 95 620 2,160 7,820| 11,000 19,200 48,800

670 0.42| 4 47 | 258| 560 | 3,060 | 10,000 | 33,000 43,600 | 76,000 | 183,020
250 0.84] 7.5 81.4] 430| 900 | 4,750 | 15,000 | 47,700] 62,200 { 106,000 | 246,000
33 1.75| 1.5 | w7 | 750 1,560 | 8,100 | 25,000 | 76,500| 100,07 | 173,000 | 41C,000
BEST AVAILABLE CcOPY
TABLE II
2 Percentage Burst Height Above Terrain
o Fallout for 15 MT Bomb
» m——
1.0 0% 5,007 feet
0.45 30% 2,000 feet
0.2 50% 1,000 feet
0.0 80% 0
- 0.1 954 = 450 feet (underground)
* For a justification of Table II, see the Appendix apd References 1
8 and 6. ‘K .
3 A= ) DATA
00 ( W/20)" )
5 500( ) Atomio 1948
g where CY¥-23676
a h = height above terrain in Cest

W

bomb yleld in kilotonn “.
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The primary damsge area {row an ataric tomb is more or less
confined to a radius of from half a mile to perhaps ten miles, depend-
ing on the epergy yleld of the bamb., If large atomic bombs are
detonated on the surface, lethal concentrations of residual contamin-
ation will reach out well beyond the thermal and blast damage
perimeter and may extend severel hundred miles downwind. In an
earlier report (1) dated Bovember 1753, we stated that if Washington,
D. C. wvas bombed by & five to ten megaton surface weapon, thes the
oity of Baltirzore may have to be evacuated in order to prevent
excessive casvalties from the radiocactive fall-out. It now appears
that our earlier prediction was, if anything, conservative. It is
the purpose of this report to evaluate the amount of fallout from
surface or near surface burst nuclsar weapons and to indicate the
military implications of such a hazard both from the offensive and
defensive points of view,

M msen  pegT AVAILABLE COPY

In the Fall of 1951, two small atomic bombs were detonated at
Nevada, one on the surface and the other underground. These detona-
tions produced excessive contamination downwind, Unfortunately, the
contamination was measured accurestely only within five miles of ground
gsero. In the Frll of 1952, a large yleld thermonuclear device
(ten megatons) named "Ivy-Mike" was detonated on the surface of an
atoll island in Eniwetok. This shot produced excessive upwind and
crosswind contamination, but the extent of downwind contamination wes
not measured at all, Data avallable from the recent Pacific Test
Operation CASTIE (March 1954) shows considerable radiocactive contamin-
stion several hundred miles downwind from a surface burst thermo-
nuclear weapon of approximately fifteer megaton yleld.

JII. Military and Civilian Tolerance Dose Standards

One of the most important reasons for writing this report is
to discuss radiation tolerance doses for the military during combat
as compared to the existing tolerance doses for the civilian popu-
lation.

a. Background Rediation

As we all know, cosmic radiation from the sky and patural
radiocactivity from the soil produce a certain normal background of
radiation through wvhich we all live. Normally, the gamma-radiation
background at sea level ranges from .01 to .05 milliroentgens per
hour. At higher elevations the background may be increased two or
three-fold. If we go underground, the background is reduced provided
there is no uranium or radium ore present. As a start, then if we
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vant to protect the human race against all raidloectivity, we should
all go live in lead mines decp underground. We realize, however,
that the pormal redistion background of the world is not sufficient
to cause any apprecisble damage to the human body. We may be really
squeanish about it and decide not to live in Denver or in Peru or

in Swvitzerland or in other places where the elevation is signifi-
cantly above sea level in order to reduce the radiation background.
If we are concerned to this extent, then we should also look at our
radium dial vristwatches, since they too put out rediation which
might be as high as 10 to 1000 times background. There is also the
problem of x-rays for medical purposes. Every time we take a chest
x-ray we get 8 certain amount of rediation in our bodies and some
people may consider this quite dangerous. The doctor welghs this so-
called "danger" from the x-radiastion as compared to the benefita that
the patient will receive upon examination of such x-ray photographs.
Medical practice today apperently condones the use of x-ray pictures
and allows the administration of several roentgens of x-rays to the
patient in order to get such pictures. From this, it would be fair
to conclude that the medical profession as & whole today does not
regard the administration of several roer&br? to the patient as

dangerous. gEGT AVAILABLE C

b. Civilian Tolerance Doses During Peace Time

As soon as the first atomic bomb was detonated it became
obvious that the world would be exposed to more radioactivity than
we were able to obtain from our x-ray mechines or more radicactivity
than nature intended for us to receive, For this reason, the Atomic
Energy Commission set up same rigid standards to control the amount
of radiation that could be received by workers in the plants of the
ASC. These standards are quite well known and readily available
from government sources., One of the basic tolerance standards states
that a worker of the Atomic Energy Commission should not receive
wore than 0.3 roentgens per week of normal work., This refers to
gamma-radiation and it refers to radiaetion received throughout the
body, that is, total body radiation. There are other stapdards for
radiation to the hands or to the feet, etc., which are higher than
0.3 roentgens per week.

6. Civilian and Vilitary Tolerances During Atomic Warfare

Although we accept the Atomic Energy standards for
radiation during peacetime, it is believed that as soon as a general
atomic war is initiested these standards must be revised in order to
prosecute the war against the enemy properly, and in order to defend
ourselves without undue panic which might be caused by a super-
stitious fear of the damage produced by radiation. It is guite
difficult for the uninitiated to understand and appreciate this
point of view. However, after being exposed to many atomic tests,
and to radiation which by present peacetime standards may be

R
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considered excessive, some personnel in the Air Force have learned
that they can take calculsted risks with radiation in order to

remaln operational during combat. Without denying the essentially
harmful effects of raiiation on the human body, it is possible to
develop common sepse practical radiation tolerance standards which
f£it the emergency of a given situation, The Air Surgeon has already
recognised this and has stated that at the discretion of the Commander,
a person may receive a total body instantsneocus dose of 100 roentgens
without running the risk of producing radiation casualties, The first
shot of CASTLE Test Operation which was held in the Pacific during
March of 195, exposed approximetely 28 Air Force personnel and 230
patives of Rongelap and Rongerik Islands to radiation which was
assumed to be between 50 and 250 roentgens total body gamma due to
the fallout of residual radioactivity. This problem is discussed

ir detail in Reference 13. After study of the effects of radiation
on the natives at Rongelap, it is now assumed that 200 roentgens

can be given to a military person during combat operations without
unduly endangering the life of that person. It is believed that some
people will get slightly sick temporarily if they receive 200 ro-
entgens of gamms readiation total body. However, during combat, a
Commander may decide to expose his personnel to such & "hazard" if
he can prevent disaster by dolng so., Our problem today is how to
indoctrinate military personnel not to fear rediation excessively
and yet to respect it. We find that in the Air Force there are many
people who have learned this trick of avoiding as much radiation as
possible, and yet not losing their heais when they have to be exposed
to doses of from 10 to 50 roentgens, These people are few and far
between and they have achieved this experience only after repeated
exposures to many atomic tests. Unfortunately, we have evidence
that there are many people in the Air Force who are quite concerned
about small doses of radistion. It is hoped that this report may
help put this problem in the proper perspective. The only way we
know of allaying the fears of personnel in this regard 1s to state
the obvious over and over again, and to repeat whatever has already
been written about tolerance doses. Despite the fact that we caution
everyone to receive as little radiation as possible, we still believe
firmly that even if a person receives 100 to 200 roentgens total
body instantaneous gamma radiation, he will not become a casualty.
The problem is how to acclimatize personnel to this, or how to make
sure that military personnel will not panic in the face of a radiac
instrument which is going off-scale, We have many examples during
atomic test operations where otherwise experienced personnel have
actually panicked when they thought they were being subjected to
excessive dosages of radiation. The only real cure against such panic
is to expose personnel to relatively large doses of radiation. It
1s like exposing troops to enemy fire. We realize that no one will
allow us to expose a large number of people to big doses of radiation
for purposes of indoctrination. However, there should at least be
some sort of a training program which realistically explains the
dangers of radiation, and compares these radiation hazards, say, to
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arm or a broken leg or to the hazards of a bullet going

through the guts. Actuslly, comparisons of this sort make it very
clear that radiation is the lesser of two evils. However, there is
e 1imit to this thing. If the radiation dosage goes significantly
beyond 500 roentgens then it is as sure a killer as any tullet. So,
our problem is to see that the military man is pot unduly afraid of
radiation of the levels of 25 to 250 roentgens, but at the same time
he should know enough that if he is exposed to a total body instan-
taneous gamea radiation of 600 to 800 roentgens, then he is quite
sure to die from such an exposure. This, again, is well known and
published and readily available from unclassified sources. We will
repeat the following gamma dosage values for ready reference:

100 roentgens total body ...... Bo radiation sickvess.

200 roentgens total body ...... 10% of exposed psrsonnel may show
8light symptoms of temporary radi-
ation sickness such as a tendency
to vamit, etec.

600 roentgens total body ...... Will probably kill 50f of the
personnel within 30 days.

800 roentgens total body ...... W11 kill probably everyone
exposed within 30 days.

We note that there is a gap in our information between 200 roentgens
and 600 roentgens total body dose. This gap in our kpowledge is a
real one. We have not exposed a statistically large number of
human beings to dosages between 200 and 600 roentgens accidently or
otherwise. Therefore, we do not know with certainty just what the.
response of the human being will be to such dosages. However, it
is fair to assume that this is a danger zone, perhaps 350 to 400
roentgens may kill 10% of the people so exposed. Perhaps at some
future date, after sufficient animal experimentation has been done,
we may have more accurate numbers here,

d. Internal Dose as Compared to the External Dose

So far, we have been discussing the external gamma total
body radiation that may be received by human beings in a short period
of time. There are also dangers of inhalation of fission products
during fallout of radiocactivity. There are also dangers of ingestion
of fission products in the food and in the drinking water. It is
in this region of radioactive hazards that we find the greatest lack
of information and therefore the greatest tendency to panic. Our
experience so far, meager as it is, seems to indicate that by far
the greatest danger is from the external garma radiation. This
was proved over again during Operation CASTIE (13). In the Islands
of Rongelap approximately two hundred natives were exposed to

.
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fallout after which time they stayed in the same area for two days
before they were evacuated. During these two days they drank
contamirated water. As a matter of fect, they actually drank water
wvhich was covered with the gray “"snow" or "mist" which fell down on
the island. This means that they were drinking active fission
products together with the gray corel of the islands that was brought
up to high altitudes by the atomic explosions and which subsequently
fell out upon the inhabited island of Rongelap, Rongerik, etc. These
people also ate food that was exposed to the fallout. Nevertheless,
according to Reference 13 there vere no internal rediation bazards.
This indicates once again that it is best to assume that if you are
pot exposed to excessive radiation from garma reys, that if you do
not receive from 400 to 600 roentgens of instantaneous garma radia-
tion, you should not fear what might be getting into your lungs by
inhalation nor should you fear excessively what is getting into your
stamach by ingestion. Paradoxically, if a person has received 600
roentgens of gamna, his chances of survivsl are so slim that he peed
not worry about the ingestion or inhalation hazard, This is a
general rule vhich apparently seems to hold despite the fact that we
realize the theoretical objections of introducing such fission
products into the body. In later sections you will see that anirals
vere flown through atomic clouds and allowed to ingest the fission
products directly and yet the inhalation and ipgestion dose was
found to be insignificant (Reference 2). We have exposed other
animals in other Test Operations. Notably, during JANGIE Test
Operation (14) animals were exposed to the fallout and they too
showed no internal radietion despite the fact that they were exposed
to lethal doses of gamma rays. All this is meant to put before the
reader the available data from past Test Operstions, and to stress
that, as a rule, protection against radiation hazard is primarily
against the external gamma ray dose. If we believe this, then it
simplifies our problem, and it also sirplifies the problem of defense
during atomic varfare. The succeeding sections will show that in

an atomic war if multi-megaton bombs are exploded on the surface,
then large areas of the country will be exposed to lethal concen-
trations of radioactivity, Even if people teke adequate counter-
measures against this radioactivity, they must come back and live in
areag which have relatively high concentrations of fission products.
This means that the background dose will be increased a bundred fold,
or possibly a thousand fold, and yet we will be forced to live under
such circumstances. Certainly, the Federal Civil Defense and the
Atoric Epergy Cormission will have to devise new standards of
tolerance to meet such a horrible emergency during totel atomic war-
fare. However, this is a problem for agencies outside of the
Defense Department and beyond the scope of this report. It is merely
mentigped here to indicate that during warfare, the military and
civilian tolerances may not be so far apart after all,
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IV. Dosage to Aircrews Penetrating Young Atomic Clouds

a. During UPSROT-ENOTHOLE Atomic Test Operation, a project was
established to measure the dosage within the young atamic cloud by
means of cannisters and droned aircraft (2). The results showed that
dosage acourmlated was less than 50 roentgens for the flight of an
aircraft through a four minute 0ld cloud from a bamb of 26 KT vhen
the speed of the aircraft was 400 kmots. Dose rates within the cloud
ranged from 38,000 r/hr to 7500 r/hr when times of entry varied from
2.7 to 5.2 minutes. The average dose rete in a cloud was represented
by:

5 ,=2,06

D=1.31x10" ¢ e eeceeee-s==-Kutionl

In this equation time, t, is given in minutes after bomb detonation,
and average dosage, D, in roentgens per hour. Reference 2 indicates
that this Equation applies for the time period of 2.5 to 25 minutes
after bomb detonation, To prepare this esquation, Reference 2 used
not only the UPSHOT-KNOTHOLE, but also the GREENHOUSE data available
at the time. Recently, Plank and Steele (3) have shown that for
CASTLE data, the following relation applies:

----------------- Equation 2

Equation 2 is said to be valid for times from two hours to six hours
after bomb detonation. Using Bquation 2, Captain Steele of SWC has
shown that in order to get 170 roentgens accumilated dosage, the
cloud should not be penetrated earlier than thirty minutes after bombd
burst, if the cloud diameter or the stem diameter is ten miles in
length. Similarly, the times are 35 and 45 miputes for fifteen and
£ifty mile cloud diameters. In this analysis it was assumed that the
activity within the cloud was uniform throughout, It will be shown in
subsequent sections that for a surface burst megaton yield wveapon,
the stem may have 10 to 20 times the activity per unit volume when
compared to the specific activity of the mushroom.

b. It is our opinion that there is a good physical explanation
vhy there is a break in the curve of dosage rate with time within the
oloud, as shown in Equations 1 and 2 above., The explanation of this
phenomena 48 to be found in the fact that for surface or tower shots
considerable mmount of sand and soil debris is sucked up into the
cloud and it is eventually coated with fission products which later
£all out due to their own gravity. Colonel Pinson (2), during
Operation UPSHOT-KNOTHOLE, measured the dose rate within the cloud
vhich was burst high enough to be considered a pure air burst. Under
these circumstances, there were no active soil particles to be found




.

in the mushroom of the cloud. Therefore, it is ouvr opiniop that if
Colonel Pinson had used only the UPSHOT-KNCTHOL! data, he may have
found that dose (ave is only a linear function of time rather than

a second power of the time. The GREENHOUSE data, which he also used,
was based primarily on tower shots. Considering the relatively low
height of the towers with the ylelds involved in GREENHOUSE Test
Operation, it becomes obvious that a considerable amount of the total
activity of the bomb vas scavenged out by the soil particles which
vere first mixed with the fireball and then subsequently fell out.

It is our opinion that it was this phencwena which changed the dose
rate relation from a linear function of time to a function of the
second power of time. It is significant that during CASTIE Test
Operation (which had mothing but surface shots) the time relation

to dosage 1s a power of four, as shown ip Equation 2. I believe this
is because during surface shots, approximately 80% of the total
residual activity of the bamb is coated on large soil particles which
subsequently fall out of the bamb, Therefore, if one were to measure
the change of dosage with time within the stem of such a cloud, he
would fipd that the dosage decreased very strongly with time. This
is because of the linear expansion of the cloud and also because of
the normal decay of fission products; but more importantly, this is
because the majority of the residval radicactivity of the bomb is
falling out of the stem and is being deposited on the ground. Upon
some reflection of these sequence of events, it becomes obvious that
the dose rate varies with time ip a very camplicated fashion. As a
matter of fact, the exponent of time, t, must itself be a variable
with time, In view of these complicating factors, and because it is
practically impossible to give any quantitative answers to the change
in the size of the cloud with time due to eddy diffusion and due to
wind shears, it is our opinion that another approach should be made

to this problem. BEST AVAILABLE COPY

c¢. It may be possible to approximate the integrated dosage that
may be received by the pilot without recourse to a dose rate equation.
In order to develop this thesis, it will be assumed that the volume
of an atomic cloud 4s proportional to the yield. Cnce this assumption
is made, it becomes obvious that the dose rate within such a uniform
atomic cloud is independent of yisld. It is believed that such an
assurption is a valid ove so long as the cloud remains within the
troposphere and the bomb is burst high above the target, i.e., a true
airburst. This means that we are talking about weapon yields ranging
from small bombs to bomb ylelds of several hundred kilotons. How-
ever, when ve go into the megaton yield range, the body of the cloud
rises significantly into the stretosphere. When this happens we are
not certain whether volume of cloud remains exactly proportional to
the yield. Because of the more nearly isothermal distribution in
the stratosphere, the cloud rise in the vertical direction is severely
damped as compared to the rate of rise in the troposphere. From this
we can conclude that a cloud which rises significantly into the
stratosphere must be somewhat flattened and quite elongated in the
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horizontal direction and shorteped in the vertical direction.
References 4 and 5 make it possible for us to campare the depth of
the mushroom of the atomic cloud for different yield atomic
weapons, Specifically, we have chosen for study the cloud from
UPSHOT-ENOTHOLE, shot 9 which was one of the clouds successfully
penetrated by Colonel Pinson's unit (Reference 2). This cloud
will then be compeared to the cloud dimension of the first shot of
CASTLE Test Operstion. In Tetle I, we have listed the actual
cloud dimensions as campared to the extrapolated data.

BEST AVAILABLE COPY

Table I

Extrapolated and Measured Cloud Dimensions Using
UPSROT-KNOTHOLE and CASTLE Test Operstions Deta

Yield Time after Clowd Dimensions
in KT Borb Deton-
stion Volume of Maxd mum Depth of
(Minutes) Mushroom Mushroom | Mushroom
in cubic ft.| Diameter | in ft.
in ft.
26 KT 4 7.3 x 1011 12800 8500
14500 KT 4 8 x 10t 15500 58000
#14500 KT 4 4 x 10t4 105000 20000

* Extropolated data assuming volume is proportional to yleld.

It should be remembered that the extrapclation is made on the
assumption that volume of cloud is proportional to the yield of the
bomdb, A study of Teble I indicates the extrapolation overestimates
the depth of the mushroom and underestimates the maximum diameter

of the mushroom, but we were able to anticipate this earlier by
stating that clouds rising into the strastosphere would heve a tendency
to flatten out and to spread in a lateral direction in order to
preserve cloud volume, It should be noted that the extrapolated cloud
volume is one half of the actual cloud volume for the first shot of
CASTLE Test Operation. We are not certain at this time whether this
discrepancy in volume is a real one or whether it is an ertifact
introduced by the ‘earros we have made in estimating the actual volume.
It must be remembered that at the present time we only have rate of
rise and maximm cloud diadeter and cloud height information in
Reference 5. It is significant to note that RGAG has not yet made
any official estimates of the volume of the clouds from CASTLE Test
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Operation. It 1s not clear to me whether the data gathered during
Project 9.1 of CASTLR Test Operstion is sufficiently extensive to
indicate cloud volume accurately. We must await the decision of
BG4G ip this matter. It may be that the cloud volume for the CASTIE
BRAVO shot appears larger because of the excessive moisture present
in the atmospbere in the Pacific test site as campared to the very
lov amount of moisture present normally in the desert at Nevada
Proving Grounds,

d. Arwed with the above informetion, it 1s now possible for
us to make a first approxirstion of the integrated dosage received
by the pilot and the aircrev when an airplane goes through a
relatively young atomic cloud. Our reasoning is as follows: If
the cloud volume is proportional to yleld then the diameter of the
cloud must be proportional to the cube root of the yleld. If this
is true, then the time spent within the radiocactive cloud by an
eirplane is proportional to the cube root of the yield also, This
reletion is indicated below:

w, \'8
by = O TJUT) I N = = = = Iquation 5

vhere D S dcse accumulated within the cloud
W = bomd yleld.
However, it should be noted that BEyuetion 5 does not correct for the

different lengths of time spent by the aircraft within the redio-
active cloud. To correct for this effect Equation € below is given:

Vs 1o NV .t;""

Wa 2 . '
Da=DiE8) (55) (F55) - - - sousn

BEST AVAILABLE COP

vhere t, = Time of start of aircraft penetration into clowd
tp = Time of exit of aircraft from clowd

It should be noted that Equations 5 and 6 assume that the airplane
penctrates the mushroom of the cloud at its maximur diameter. The
cloud from a fifteen MT bomb would rise to 110,000 feet. The maxi-
mum diamster of the mushroom would dbe 70,000 to 80,000 feet above sea
level and the diameter would be about 150,000 feet in length (5).
Present day aircraft traveling at altitudes of 30,000 to 40,000 feet
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would penetrate only the stex of a fifteen MT surface burst cloud,
and they vould miss the cloud completely if the bomb was airburst
80 high that it 4id not have rn active stem. (This would be the
case if the bomb is exploded 5,000 feet above target.) In order to
correct for stem peretrstion, the actual length of the flight path
through the radiocactive cloud must be knovn.... & correction must be
made for the fact that cloud volume does pot extrapolate proportion-
ally to yield; a correction must be made for fusion as compared to
fission yleld of the bombd; a correction must be made for the fact
that the specific activity (activity per unit volume) in the stem is
much greater than the activity within the mushrooe for large yleld
surface burst weapons; and finally a correction must be made for the
change in air density with altitude in the atmosphere. To account
for these facts, Equation 7 belov ia given: .

BEST AVAILABLE COPY

(TN 8
F F\ i bl t‘
DL Dl (; F, ) V, Wa 'Q; ( t)

- Equation 7

vhere F = Fission yield
Ft- Total yield (fission plus fusion)
V = Cloud Volume
y = length of flight path through atomic cloud
d = Density of atmosphere at flight altitude

825 Ratlo of activity per unit volume in stem and mushroom
.1 for bombs detonated at different scaled heights.

An analysis of the Jangle-Surface and CASTLE BRAVC shots shows that
approximately 80% of the total residusl activity of the bomb is within
the stem of the cloud, In the case of CASTLE BRAVO shot the stem has
only 1/5 to 1/10 the volume of the mushroom, hence, the specific
activity within the stem at 35,000 feet would be approximately fifteen
to twenty times the specific activity within the mushroom. The specific
activities for other burst heights could be determined from information

contained in Table 11,
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TABLE II

Percentage Fallout as a Punction
of Scaled Height, A , where

. A= & —_
T Soo(w/ae)”s
b = burst height in feet above terrain

v = total bamb yleld in Kilotons

;k Percentage Burst Height Above Terrain
Fallout for 15 M Bomdb

1.0 0% 5000 feet

0.45 30% 2000 feet

0.2 50% 1000 feet

0.0 80% 0
- 0.1 95¢ | = 450 fest (underground)
»

* For z Justification of Teble II, see the Appendix and References 1
and 6, .

It is our belief that relatively few airplanes would go through the
center of the cloud during combat operations. Most aircraft would go
right or left of center and practically all aircraft will go below
the center of multi-megaton clouds, Let us assume that the wind at
flight altitude (40,000 feet) is from the wes® and at 40 knots. If
the same target is to be hit by several strike aircraft at intervals
of fifteen minutes, the cloud center at the 40,000 ft. level will be
ten nautical miles east of the target. If the delivery tactic employs
maximum breakavay maneuver then the second strike aircraft cannot go
through the center of the first cloud, provided the second aircraft
at 40,000 feet has a tail wind, and provided the first aircraft did
not make a gross error of missing his target by ten miles. Since the
wind direction at flight altitude is known, it is recommended that all
delivery aircraft approach the target from such a direction as to have
tail winds at bombing altitude. This is because the winds may have
strong directional shears at different altitudes, but usually at a
: given height the winds show considerable persistence both in direction
and in speed, During bad weather, the winds at 40,000 feet would
normally not be effected by frontal conditions because few storms

BEST AVAILABLE COPY _—_—
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reach such a height. It is presumed thet the tropopause is significant-
1y above (in tropics) or below (in the arctic) the 40,000 foot level.
To take maximm advantage of persistent winis, it is best pot to boxbd
st the altitude of the tropopause. In the winter at Russian latitudes,
the tropopause may get down to 20,000 to 25,000 feet above mean sea
level and in the swmer it rises to 25,000 to 35,000 feet.

e. Table III lists dosages received when atamic clouds from

different yield bombs are penetrated by manned aircraft. In Table III,
we have also indicated the maximum dose that could be received by the

aircrev assuming that the cloud grows in dimensions in all directions,
even late, 30 to 60 minutes after bamb detonation. This glves the
values under "t max" and "D max" columns of the Table., For example,
if the 15MT cloud is penetrated 30 minutes after bamb detonation at
a f1ight altitude of 30,000 feet above sea level, then the dose
accupulated by the crew would be from 105 to 300 roentgens. If the
oloud is penetrated 45 minutes after bomb detonation, then dose would
be 40 to 200 roentgens, and finally, if the time is 60 minutes after
bomb detonation, then the dose would be 15 to 80 roentgens. One
significant fact is thst if the flight altitude could be increased to
60,000 feet or 70,000 feet msl, then the dosage would be only 5 to 15
roentgens for a 30 minute penetration, provided the 15MT bomb is
surface detonated. It is hoped that at some future date this
bypothesis could be tested during an atomic operation. Table IV
shows the effect of different heights of burst upon integrated dosage.
It shows that as the burst height is increased to more nearly a true
airburst, then penetrations at 60,000 to 70,000 feet would produce
maximm dosages. Also, for eirbrusts of 15MT weapons (burst height
5,000 ft. above target) flight altitudes of 20,000 to 40,000 feet
would give minimum dosage to the aircrew, according to our calcula-
tions as listed in Table IV, It is mandatory that at the next
atomic test operation in the Pacific (REDWING), the dosage accumu-
lated by aircrews penetrating multi-megaton weapons be determined
experimentally. The importance of this parameter to the SAC atomic
delivery operations cannot be overestimated. It is recommended that
an attempt be made to penetrate such clouds first by instrumented
drones, and then by manned aircraft starting at H + 2 hours and
reducing the time down to H 4 1 hour or even to H 4 30 minutes, if
possitle,

BEST AVAILABLE COPY
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Dosage Acoumulated in Passing through a 15MT Cloud

Different Times

TABLE III

at Different Altitudes for

Cl Penetration by an Alrcraft whose True Alr Speed 1is
400 Kato. *
Flight Time of Length of = Specific Time Spent| Gemma Maxiwum Time | Maximum Gamma
Altitude Cloud Flight Path Aotivity | 4in Cloud Dosage Spent in Dosage that
Above Penetration Through (Minutes) | Accumulated | Disorganized may be
msl in Minutes Cloud in in Cloud in | Cloud Accumulated
Thousands | after Bomb | Thousands of Roentgens Mhile in
of Feet Detonation Feet
mi tpy max D max
h ta y ;3 % D min b
1

20 68,7 17.3 1.72 75 5 220

20 22 68.7 17.3 1.72 30 10 150

20 60 68.7 17.3 1.72 10 15 60

30 30 68.7 17.3 1.72 105 5 300

30 45 68.7 17.3 1.72 40 10 g

30 60 68.7 17.3 1.72 15 15

40 30 68.7 17.3 1.72 160 5 13.38

40 45 68.7 17. 1.72 60 10

40 60 68.7 17.3 1.72 25 15 120

50 30 68,7 10. 1.72 145 5 12.00

50 45 68,7 10. 1.72 55 10 1178

50 60 68,7 10, 1.72 20 18 1

60 30 120, 0.10 3. 5

60 45 120, 0.10 3. 2 18 8

60 60 120. 0.10 3. 2 27 A

7 o 30 150. 0.05 3.72 g %8 f;

7 O 45 150, 0.05 3.7 o5 ]

7 O 60 150. 0.05 3.75 1.5 30

I
5
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Same parameters as Table III, altering only the burst height
and keering time of penstration constant at 30 minutes after
bomd detonation. 2 = Burst height above tﬁvet in thousands

of ft  aEST AVAILABLE coO

2 h y S2/83] tymin | Dmin [ty max |D max
0 | 2 68.7 117.3 | 17 7 5 220
1 | 20 68,7 |10, 1.72 42 5 130
2 | 20 68.7 | 5. 1,72 22 5 65
5 | 2 0 0 0 0 0 0
o | 68.7 [17.3 | 1.72 105 5 300
1 | 30 68.7 |10 1.72 €0 5 175
2 | 30 68.7 | 5 1,72 30 5 90
5 | 30 0 0 0 0 0 0
0 1 40 68.7 117.3 | 172 160 5 450
1 | 40 68,7 |10 1.72 95 5 270
2 1 40 68.7 | 5 1.72 45 5 130
5 | 40 0 0 0 0 0 0
0 | 50 68.7 117.3 | 1.72 145 5 400
1 | 50 68.7 |10 1.72 87 5 240
2 | 50 68.7 | 5 1.72 45 5 120
5 | %0 0 0 0 0 0 0
o | 0 |10, |o01] 3 5 9 15
1 | 60 |120. 05| 3 25 9 75
2 | 60 |10, |o0.8] 3 40 9 120
5 | 60 J150. |10 ]| 3 50 10 170
0 | 70 ] 15. | 0.05{ 3.75 5 10 25
1 | 70 |15. | 0.05] 3.75 50 10 250
2 1 70 |15 0.80| 3.75 80 10 400
5 | 0 | 1% 1.00| 3.75 100 10 500

* In the development of Equations 6 and 7, References 10 and 11 were
consulted. However, our equations are limited only to values of
ratios of total dosages accumulated in clouds, which simplifies

the problem for us. -
A
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V. Contact Beta Hszard to Hands of Maintenance Personnel Hand]ling
Contaminated Engine Parts

a. During Operation GRFERHOUSE (7) the beta-gamma ratio of
fission products was found to be 157. According to Bremnan (8) the
contact beta-gamma ratic could be theoretically as high as 200. This
applies to the case of fission products uniformly distributed over
an infinite plane. Obviously, if the beta—gamra ratio is measured
over a small object wvhich has a relatively small surface area then
the ratio would be incressed considerably. It should be noted, how-
ever, that even though the beta-gamma ratio is tbus increased, the
beta contact hazard is decreased. Tersei (9) and the references in
his report give a relation of the gamma dose rate reading at contact
when fission products are spread over objects with different surface
areas, :

b, When an airplane goes through an atomic cloud, it becomes
coated with fission products throughout the outer skin, and throughout
the inside of the engines of the aircraft. As the airplane leaves
the cloud, the air stream washes a considerable amount of contamina-
tion off the outer skin of the aircraft. However, those portions of
the skin that are greasy or dirty will entrap larger amounts of
fission products which may not be easily "airweshed" by the motion of
the aircraft. 1In a similar fashion, fission products contaminate
the oily and greasy engine parts which tend to retain these
contaminants quite efficiently. Upon landing, if the aircraft is
monitored by a gamma indicating device such as the T-1B (now called
PDR39) then the gamma ray reading will be somewhat less than that
from an infinite plane contamination, especially if the aircraft is
small, However, most aircraft present quite a large surface area
to the T-1B. It will be assumed that this surface area is approx-
mately 100 square feet. If the T-1B is held three feet away from the
surface, then the ratio of gamma reading on the surface of the aircraft,
as compared to the instrument reading, would be three. If this read-
ing is one roentgen per hour, then the beta contact dose could be
theoretically as high as 600 beta rep per hour. However, there is no
reason on earth vhy the T-1B could not be held one and a half feet
from the aircraft's surface. If this is done, then the contact gamma
reading would be only 1.3 times the instrument reading. This means
the maximum contact betea rep reading would be 260. If the T-1B is
held so that the center of the instrument chamber is nine to ten
inches above the airplane's surface, then the gemma contact reading
would be the same as the T-1B reading, hence, the maximum betea rep
contact reading would be 200, if the T-1B indicstes a dose rate of
one roentgen per hour of gamma,

c¢. Actually, the human skin has a cutanecus layer of at least
0.1 millimeters (8) which absorbs a certain amount of the soft betas
from fission products. Also, the o0il and grease absorb a lot of the
betas so that it is anticipated that this would reduce the beta-gamma
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ratio well below 200 on a large aircraft engine part. Brennan (8)
found a maximum beta-gamma retio of approximately 5 when he measured
this ratio only four inches fror the ground., It is our opinion that
the betta-gamma retio, vhen experimentally determined, during
Operation TEAPOT in the Spring of 1955 (Froject 2.8) would probably
be less than 50 for operational eircraft. This is the beta—gamma
ratio from an infinite plane where the surface under consideration is
the greasy portions of the aircraft. For small engine parts of such
aircraft the ratio would be increased in accordance with the relations
given by Reference 9. Bence, if a small object is taken out of an
aircraft engine part, the beta-gamma ratioc would be as indicated in
Table V. From an inspection of Table V, we see that if the contact
dose is to be measured on a very small object, then a probe type
radisc instrument would be best. It may even be better to develop
an accurate beta-meter of the probe type. However, operationally

it would be impractical to measure the beta contact dose on esch and
-every small engine part in the field, Pirst of all, to perform such
a delicate operation, the suspected parts must be handled., If the
small engine part is “dangerous" to handle, then in order to measure
the beta contact hazard accurately, we expose the hands of our
personnel to this danger before we find out whether it is dangerous.
We may get around this by using tongs or remote handling equipment,
but we can't imagine the employment of such a procedure operationally.

d. It is recommended that either the T-1B gamma indicating
instrument or the PDR27 (garma plus "beta") indicating instrument of
the presently authorized Radiac Kit be employed to determine the beta
contact hazard on the most contamineted engine parts of the aircraft
as follows: ,

(1) As the airplane lands, monitor it with the T-1B
instrument. If it is suspected that the airplane may
have penetrated a young atomic cloud approximately
sixteen hours ago, then if the T-1B reading is greater
than one roentgen per hour, either the aircraft should
be allowed to stand twenty-four hours and then handled
with gloves or it should be decontaminated first
before handling. If none of the above procedures are
operationally practical in a given situation, mainten-
ance crews should be asked to wear gloves and to wipe
the gresse off their hands repeatedly with rags and
wvash as soon as practical after finishing the mainten-
ance work. The reasoning behind the above procedure
is as follows: A study of Reference 23 shows that the
highest internal concentration on engine parts is
approximately ten to twenty times the outside contamin-
ation when the aircraft has penetrated a young atomic
cloud. It is assumed that the beta-gamma ratio is
approximately fifty for objects with large surface
areas., If the T-1B is held one foot away from the
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"PABLE ¥

Estimate of the Contact Bets Rep Dose Rete on Contarinsted Cbjects
of Various Cross-Sectional Areas when the Gamma Dose Rate Reading
is 1r/hr at Various Distances from the Contaminated Object.

IO

h A rh Max B rep Mean B rep
3 feet | Infinitely lge 0.4 80 20
3 feet | 100 sq £t 2,5 500 125
3 feet | 10 5 3000 750
3 feet 1 100 20000 5000
3 feet | 0.5 200 40000 10000
1 foot [(ee ) 0.3 60 15
1 foot | 100 1 200 50
1 foot | 10 3 600 150
1 foot 1 15 3000 750
1 foot | 0.5 27 5400 1350
172 £¢ |(ce) 0.2 40 10
1/2 £t | 100 0.8 160 40
/22 | 10 1.5 300 75
1/2 £t 1 5 1000 250
1/2 £t | 3.5 8 1600 400
1/6 £t [{(ee ) 0.05 10 2.5
1/6 £+ | 100 0.4 80 20
1/6 £t 10 0.8 160 40
1/6 £t 1 1.5 300 75
1/6 £+ | 0.5 2 400 100
/6 £t [(®0) 0.01 2 0.5
1/6 £+ | 100 N1 20 5
1/6 £t | 10 0.2 40 10
1/6 £t 1 0.3 60 15
1/6 £t | 0.5 04 80 20

# refers to PDR27 Instrument with Beta Shield open. All other readings
are for T-1B Instrument.
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TABLE IV Continued

Explanation of Sywbols ip Table V:
h = distance between contaminated object and Radiac Instrument.
A = Surface Area of Contaminated Object in square feet.

o = Batio of contact gamma reading to reading at vertical distance
rh ] above the odject :

Max B rep = The maximm contact Beta rep upon the object, assuming
no shielding and no self absorption (i.e. assuming the Beta-
gaxma ratio has a value of 200 for a contaminated infinite plane).

Mean B rep « The contact Beta rep upon the contaminated object,
assuming that shielding and self absorption reduce the theoreti-
cal Beta-gamma ratio by a factor of 4. (It is hoped that after
TEAPOT, the experimental Beta-Gemma ratio on a contaminated
aircraft engine will be cbtained. It is our opinion that when
this is done, it will be found that shielding and self absorption
reduce the theoretical beta gamms ratio by a factor of 5 to 10,
This means that here we are being conservative in assuming the

above reduction 1‘-toA bo X:ﬁi & 'éaitér éfdﬁv

leading edges of the aircraft then the gamma reading
on the T-1B would be the same as the contact gamma
reading. Thberefore, the maximum beta dose rep on the
most contaminated engine part would be approximately
500 to 1000 times the indicated T-1P reading, provided
the airplane lands on friendly territory at H 4 16
hours. This means thet for a T-1B reading of 1lr/hr
the most contaminsted engine part would show a contsct
reading of 500 to 1000 beta rep per hour. If the
airplane is allowed to stand twenty-four hours after
it lands on friendly territory, the beta rep dose rete
would be reduced from 1000 to 310 or from 599 to 120.
If the mechanics' hands remain in contact with the
engine parts for a period of ope hour (after which

he washes his hands) then the total contact beta dose
to the hands would not be greater than that givep by
the following relation:

ta .
+ -}
Dt. =R\t dz — Equation 10

L,
: -0t .02
=s5r (t" -t )'”A
A ©
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Whea the proper values are substituted in Equation 10,
we see that the bets rep dose is 440, This mesns

that beta rep dose will be less fhep 440, 4t this
time, we don't know how much less, We hope that after
Operation TEAPOT we will have some quantitative data
on this subject, It ies assumed that 600 to 1000 beta
rep ie the skin erythema dose, Thus we see that even
for the most contaminsted engine part, the bets rep
dose 18 less than the erythema dose. There is some
ovidence that the beta decay for f&sion weapons follows
a t=2 relation instead of the t-1° decay used in
Bquation 10, If st future test operations this is
found to be true, then the beta rep dose to the hands
would be reduced significantly below the value of 440
reps given in the above example, As a astter of fact,
caiculation shows that if beta particles decay as

t™<, then in one hour the beta dose rep would be less
than 10 reps. If there are contaminated engine parts
laying around thst are suspected of being contaminated,
thea the PDR27 should be used with the beta shield open,
and the probe should be held as close to the contamine
ated object as possible. Under such circumstances, an
inspection of Table V shows that the indicated PDR27
reading would be only 4/10 of the contact gamma reading,
even though the surface area preseanted by the contemin-
ated engine part is only half a square foot,

opY
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VI. Military Counter-measures Against the Radioactive Bazards
Despite the fact that large aress in our country will be highly

contaminated becsuse of the radiocactive fallout from atomic bombs,

it is oir'opinion that adequate military counter-measures against

this radiatlon hezard could be obtained by relatively simple methods.

In general terms, the following sequence of events for proper cornter-
measures against the radiocactive hazard are suggested:

a, RKr

It is possible to obtain some early warning of the probable
area of fallout from the existing upper air winds. This would indicate
whether or not the Air Base 1s in the downwind direction from a
likely target ares on a given day. This could easily be done by
simply plotting the upper air winds in a radex or fallout plot form
somewhat as indicated in Pigures 1A, 1B, 2, 3, 4, 7 and 8, In Pigure
1A, the winds are victorially plotted head to tail on, and the winds
are weighted to show the relative amounts of time that each particle
spends within a given layer in the atmosphere. The method of fall-
out plotting is given in much more detail in references 19 and 20
and in Section A of the Appendix., It is recommended that the radex
plote be used as follows: Draw a circle with a radius of 300 miles
around the Air Base, then plot the winds in all quadrants from any
likely target srea, and determine whether any or all of these r~dex
plots show the Air Base to be in a downwind path., See Figure ]3],
If your Alr Base is in the downwind path, then at least some
wvarning could be had that there is a possibility of being sub-
jected to radioactive fallout. This in itself should be of some
help to the Commander. If it is desired to determine the exact
fallout isodose lines before fallout begins, it would be necessary
to know the exact location of the targets, the exact yields of the
bombs and a very exact indication of the height of burst of the
bomb above the target. It is obvious that such a large amount
of information will probably not be available during combat opera~
tions. Even if all this information about the target, the yield,
the height of burst, etc., is accurately known, there would be
still quite a bit of uncertainty as to the exact area of fallout
because of the inherent instability of the atmosphere., It should
be remembered that a plot of the fallout area based on upper air
winds is subject to many errors because of the many simplifying
assumptions made. These assumptions are that the Stoke's law of
fallout is valid and that the winds remain constant in direction
and speed throughout the fallout period which may last from balf an
hour to fifteen hours after bomb detonation. It also assumes that
the wind direction and speed are the same throughout the downwind
fallout area. An analysis of former Atomic Test Operations shows
that for tower and surface shots the radex plot varies 4+ 15 to 20
degrees from the position computed by the upper air winds at H-3
hours. For further discussion of this aspece refer to the Appendix,
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It 1s recommended that with the winds available at any Weather
Station it is possible only to indicate the correct quadrant of
fallout, It may even be possible to indicate within which half of a
quadrant the fellout will occur, This means that we sust use the
fallout plot merely ss an indication of the general area of the
anticipated fallout, In view of this limitation, it is considered
unwise to attempt to plot accurately the actual isodose lines of
the contamination pattern within a given radex plot., Upon post
analysis, when the winds aloft informetion is avajlable throughout
the fallout area, then it may be possible to accurately delineate
the fallout area. It should be noted, however, that time and space
variation of the winds sust be taken into account and a time
composite radex plot must be prepared which is very time consuming
(see 4ppendix). Such accurate wind data is not svailable uatil
after the event has occurred, Once the Commander is alerted to

the possibility of fallout, he should have the radiastion instruments
available at various places within the 4ir Base to see whether the
radiocactive hazard acutally develops, 4s indicated above, it may
easily pass north or south of the 4ir Base and miss the 4ir Base by
as much as fifteen to twenty degrees. Once the fallout begins, it
is immediately obvious whether the contemination will be excessive
or not because the maximum dose rate is reached relatively fast
gfter the start of fallout (See Figure 10)., See Sections g and £
below, Table VII, and Section § of 4ppendix for greater details

in this matter,

b, Dispersal

By dispersal we mean the immediate evacuation of personnel
and airplanes from the dir Base. This cannot be started after the
fallout has begun, It is our opinion that preparations for immediste
departure or dispersal of aircraft from a given &ir Base must be
started previous to the stert of the radioactive fallout. This
could easily be accomplished by the early warning net mentioned above,
If the 8ir Base ies under threat of radicasctive fallout, then those
aircraft and personnel that are to be immediately evacuated must
be ready to go within a matter of minutes after the radiac instru-
ments show the start of significant amounts of fellout., I would want
to caution you at this point that if the dose rate is simply
increased to a value of five to ten times background, or even
10,000 times background, there is no need for dispersal or evacu-
ation to shelters, As a matter of fact, very large areas would
normally receive such small amounts of radiocactivity. For details
on what intensities should be considered significant to cause
dispersal or evacuation, one should refer to Table VII, As a rule,
if redioactive fallout begins at approximately three to five hours
after shot time and if the dose rate does not rise above 1lr/hr,
then it is not recommended that there be any dispersal or evacuation
because the integrated dose to personnel at the Air Base probably
would not exceed ten to thirty roentgens at the most, If the dose
rate reaches a value greater than 100 r/hr (when fallout begins at
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H # 4 bours) then it 4s recommended that personnel be evacuated to
shelters, If the fallout begins ten to fifteen hours after shot
time, then personnel should not be evacuated unless the dose rate
reaches a value significantly above 50 roentgens per bour, For
further details consult Table VII. It may be necessary to evacuate
to shelters those personnel that are not required for the immediate
mission of the Air Base, even if the dose rate is significantly
below those mentioned above, in order to keep to a minimm the total
dosage received by all personnel within the Air Base. However, this
again is a Command decision.

c. Shelterg

Shelters against the radicactive hazard need not be
expensive constructions nor do they have to be complicated or fancy.
The shelter must provide three to five feet of dirt between the person
and the source of radioactivity., This could be achieved by base-
ments, sub-basements, fox-holes, and the like, which put a certain
amount of dirt between the military person and the surface of the
ground. It is recommended that people be shielded as much as possible
in all directions including the vertical, There need not be air-
conditioning, there need not be filters, nor air-tight seals to doors
and windows of the shelters, There need not be cooking, messing or
sanitary facilities within such shelters. There need not be storage
of food in such shelters. In other words, it is our opinion that the
shelters should be merely cells with a certain amount of dirt all
around them to protect a person for a period of from six to twelve
hours after fallout has begun. Six hours after fallout has begun a
person may go upstairs and Yring some food down. He mey go upstairs
for sanitary purposes for a short period of time without receiving
excessive dosages proviced he has wited approximately six hours
after the start of fallout., Under no circumstances should such
persornel be allowed to go out-of-doors during the active fallout
period when the dose rate has the large values mentioned in Section
b_above, It is believed that active fallout may last from 5 to 12
hours.

d. Decoptaminat

Aircraft and airbase decontamination should be conducted
after the acute dangers of the immediate fallout problem have been
overcome, It is anticipated that this would occur twelve hours
after fallout began under most circumstances. Mr. Louls Nees and
Mr. Wang of AMC have recommended that perhaps decontamination of
Air Bases could begin even before the fallout has started., This
could be done by the use of sprinkling systems which may be put on
Lir Bases and which could be operated elther automatically or manually.
There is also the possibility of covering runways with canvas shields,
etc, wvhich would then be removed after fallou® has been completed.
Decontamination could also be effected by vacuuming of roofs.
runways and other relatively smooth surfaces. It may aﬁso
ea d to turn the ground over
be possible to v%n areas an Egr DOE 'ARCHIVES
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vherever this 1s poasitle, and to use many other common sense
means of decontaminstion, It should be kept in mind that decon-
tamination is pothing more or less than a good washing process.
The dirt happens to be rediocactive, but the only precaution we have
to take because it is radiocactive is to see to it that the decon-
taminating team does not receive excessive doses of radioactivity
and ve must also make an attempt to see that the drainage does not
get into the water supply of the Air Base or the towns nearby.
Adrcraft decontamination could be effected by sweeping, vacuuming,
washing, and other cammon sense methods, Normally, unless an
alrcraft flies through a young atamic cloud, there would be no
contamination of any consequence within the engine parts and the
cabins of the aircraft. If the aircraft catches the fallout
while it is on an Air Base, then if the pilot can get to the air-
craft and take off without receiving an excessive dose, the normal
air washing due to flight would clean the aircraft automatically
of large intensities of contaminatior. Under such circumstances,
aircraft decontamination would not be necessary. However, if
aircraft do fly through young estomic clouds, then they must either
be decontaminated or allowed to stand for a period of time before
they can be handled for pnormal maintenance purposes.

e. Evacuation

After personnel come out of their shelters and do whatever
decontamination is necessary in order to go on with their normsal
military duties, it may be desirable to evacuate a certain porticn
of the airbase personnel to contaminstion free areas. It should be
kept in mind, however, that the war situation may be such that
there would not be any clear areas within reasonable reach of the
Air Base. Figure 11 shows what would happen to this county when
100 to 110 atomic bombs of 15 MT are surface-detonated on the
population centers and on the airbases of this country. It is very
clear after looking at Figure 11 that there is no place to hide in
this country, especially in the Erstern half of the United States.
Under such an eventuality, it woul? be undesirable for the Commander
of an Air Base to attempt evacuation or dispersal out of the Air
Base, As a matter of fact, you can see that there is a distinct
possibility of jumping from the frying pan into the fire, if
dispersal is attempted without an accurate knowledge of the situation
throughout the country.

f. Times of Entry ipto Contaminated Areas

Table VII indicates the dose accumulated in fallout areas
assuming that the t-1.2 decay law applies. It also shows the dosage
accurmlated taking into account the fact that personnel are subjected
to radiation not only from the ground, but from an infinite volume of
contaminated air during active fallout. See the appendix for greater
details on the extra accumulation of dosage when people are caught
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TABLE VII

Accumulation of Nosage in Fallout Areas using the ¢-1.2 decay tables, and
a compnrison of this to the total dosage accumulated when the "Volume-Effect”

of Fallout is taken into account (See Soction &

of Volume Fallout).

of appendix for definition

. "olume - TRffect” of Fallout t-1.2 Decay
£ — e ]
Fmax| D3 | D6 | D12 | Dy | D36 | D48 | D R'mex | D'3 | D'¢ | D12 | D'24| D'3e| D'sg| o
0.5 1380 | 485 [ 500 {490 535 570 | 573 | 720 230 (172 234 | 265 305 331 | 343 | 575
1 600 | 275 | 330 |360 410 LLO 450 625 100 97 150 |195 235 256 | 270 | 500
2 258 | 96 {190 {242 | 298 330 | 340 | 545 43 3, | 86 |131 170 192 | 205 | 435
3 12 0 |115 |185 | 236 2710 | 285 | 500 27 0o | 52 [100 135 158 | 171 | 400
A 114 o | 62137 197 230 | 247 | 475 19 0 | 28 | 74 113 135 | 148 | 380
5 8l o | 29 {107 |178 205 | 220 | 452 14 0 |13 | s8 102 120 | 132 | 362
6 72 0 ol 81 |17 185 | 200 | 437 12 ) 0 | 44 84 107 | 120 | 3%
7 60 0 0|63 |129 162 | 179 | 425 10 0 o | 3 /A 95 | 107 | 340
8 50 0 ol 46 |105 147 | 167 | 412 8.4 0 0 | 25 60 86 | 100 | 330
9 43 0 o 31 |10 135 | 154 | 400 7.2 0 ol 17 57 79 | 92 | 322
10 18 0 019 8750 123 | 142 | 395 6.3 0 0 |10.5 50 72 | 85 | 315
11 34 0 ol 7.5 |m 112 | 132 | 385 5,7 0 0 4 A 66 | 79 | 309
12 30 0 o| o |es8 102 | 122 | 380 5.1 0 0 0 39 6 | 73 | 304
13 27 0 o]l o |60 9, | 113 | 375 4.6 0 0 0 3 55 | 69 | 300
14 25 0 o| o |52 89 | 108 | 370 4.2 0 ) 0 n 52 | 65 | 295
15 2/ 0 o}l o |47 80 | 100 | 363 3.9 0 0 0 27 47| 60 | 291
22 lg.z 0 n| o 0 38 59 | 330 2.2 0 ) 0 0 22 | 35 | 265
3 o2 0 o o 0 0 22 | 305 1.4 0 ) 0 0 0| 13 |24
48 5.7 0 ol o 0 0 0| 290 1.0 0 0 ) o 0 0 {230
™
>
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TABLE VII Continued Y

Symbols of the Table have the following meaning:

tr = Time of Start of Fallout in hours after bomb detonation.
It may also be used as time of entry of personnel into
fallout area,

R'max = Maximum Nose Rete within fallout area assuming
. 471:2 gecay (n roentgens per hour)

Rpax = Maximum Dose Rate within fallout area taking into
account "Volume - Effect™ of fallout. Normally the
maximum dose rate occurs 10 to 30 minutes after start of
fallout ip the downwind direction (r/hr)

Sirmilarly, all primed symbols refer to t-1.2 decay case, and all
unprimed symbols refer to those values that are corrected for the
"Yolume~ Effect” of fallout.

Dy = Integrated Dose (in roentgens) accumilated within 3 hours
after Bomb Detonation.

D12, etc. refer to 12, 24, 36, and 4B hour integrated doses
(roentgens).

= Integrated infinity dose. All values in the table are
only within slide rule accuracy and even such values have
been rounded out.

in an area that is being subjected to active fallout. It is believed
that people who are subjected to such "volume" fallout will receive
less shielding from btuildings above the ground, provided the

shelters do not have three to five feet of dirt all around the person.
Table VII has many uses, For example, it is possible to assume that
te¢ not only stands for time of start of fallout after bomb detona-
tion, but also for time of entry of personnel into a contaminated
area. Some illustrative examples will be given below for the proper
use of Table VII:

(1) Example 1

Assume fallout starts at 3.75 hours after bomd
detonastion, and at H 4 4 hours the maximm reading
is 114 r/hr. Then by an inspection of the table we
find that if personnel remain in the area two more
hours, the accumlated dose would be 62 roentgens
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(2)

(3)

(at H ¢ 6 hours); similarly the dosage would be 137
roentgens at H' 4 12; 197r at H 4 24; 230r at H 4 36;
2,7r at H 4 4B; and 475r at infinite time after bamd
detonation. It should be noted that had we used the
1-1.2 decay tatles, the integrated doses would have
been 28r at H 4 6; 74r at H 4 12; 133r at H 4 24;

135 at H 4 36; 148 at H 4 48 and 380r at infinite time.

It is also possible to determine in this same
example what would happen if personnel were either
evacuated for 6 hours or sent to adequate shelters
(shelters with 3 to 5 feet of dirt all around for a
period of six hours). Under such circumstances, the
assumption is made that fallout starts at approxi-
mately B 4 4 hours and personnel enter the area at
H 4 10 hours. An inspection of the table (reading
the ty = 10 hours row) shows that if people enter the
area at H 4 10 hours, then by H 4 12 they would have
accumulated 19 roentgens; by H 4 24 they would have
received 87.5r, and similarly by B 4 36, 123r; by
H ¢ 48, 142r, and the life time dose (infinity dose)
would have been approximately 395 roentgens.

Example 2

Suppose at H 4 4 hours the dose rate was not 1lir/hr

as in the table, but it was larger, say, it was 287r/hr,
then the H 4 6 hour dose would be found from the table
as follows:

287
8. x (H 4 6 hour dose in the Table
11, ( i )

which is

2;1]8_% x (62r) = (2.51) x (62r) = 155r.

Example 3

If fallout started at H 4 1.8 hours and personnel who
remained in the contaminated area received 300 roentgens
4n four hours after the start of fallout, then if they
remain in the area they would receive the following
dosages for the times indicated:

(a) At _H 4 6 hours dose received is 300 roentgens.

(b) At H i 12 hours, dose received is:
% x (242) = 382 roentgens DOE ARCHIVES
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(¢) At H § 24 hours,

%gg x (298) = 470 roentgens

It should be remembered that Table VII does not take into account
any shielding due to roughness of terrain features or due to person-
pel being indoors, nor does it take into account the recovery of
the body when the dose rate is relatively low.

g. Effects of Shielding and Dose Rate on Bioclogical Damage

References15 and 16 discuss the amount of reduction to be ex-
pected in the dose rate when the terrein is rough or rolling or has
vegetation on it. These references also discuss the ability of the
body to repair damaged tissue when the dose rate is quite low. 1In
our report, it will be assumed that rolling countryside with vegeta-
tion reduces the dose rate by a small factor. It will also be
assumed that for all practical purposes, dosage after 48 hours from
time of bamb detonation can be neglected when we are computing the
acute total body gamma dosage during combat conditions. For people
indoors in the average air installations building at an airbase,
the infinite plane dosage is probebly reduced by 50% (due to terrain
shielding and to shielding offered by the building)., This means that
for personnel indoors the dosage values of Tsble VII could be cut
in half, end during combat, the integrated dosage beyond 48 hours can
be neglected. Thus, the dose values of the examples cited above
would have to be reduced by a factor of two, and dosages accumilated
after 48 hours may be neglected.

h. Determining Fallout Areas after the Event

It is recommended that permanent installetions of gamma
indicating radiac instruments be made in several locations within an
Air Bese, These gamma indicatirmgdevices should preferably be self-
recording in order to indicate time history of the fallout. If such
instruments are available throughout all Air Bases in the country,
then it would be possible to draw a contamination pattern throughout
this nation immediately after this information is fed into a central
headquarters. It is suggested that it would save lives of many
Rediological Safety Monitors if permanent instellstion of gamma
indicating devices are made on several tuildings within an Air Base,
thus preventing the necessity of surveying the Air Base during
excessive fallout or when the intensity of radiation is high.

1648
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VII. Offensive Uses of Radioamctivity

a. Denial of an Area to the Enemy

During combat, it may be possible to deny a relatively large
area to the enemy by exploding atomic bombs on the surface or under-
ground. It is believed that if a 15 megaton bomb is contact burst or
is buried 500 feet underground, then upon detonation of such a weapon
an area of from 5000 to 10,000 square miles will be covered with such
an amount of radiocactivity as to make it impassable to the enemy for
a period of fram twelve to forty-eight hours. Of course, if such a
weapon is to be employed by us, we must have quite accurate wind
information at all levels of the atmosphere up to approximately 50,000
feet above sea level. We cannot determine the exact area of fallout,
but we believe that we can determine the correct quadrant of fallout
and even have a pretty good idea in which helf of a given quadrant
the fallout will occur. The shape of the areas would normally be
elliptical where the major axis would be from two to four times
greater than the minor axis, depending upon the speed of the upper
air winds. If there are no directional shears to the winds with
altitude, then the fallout area will in fact be quite elliptical.
However, if there are pronounced shears with height, then the area
will deviate from an ellipse and will take a torturous path somewhat
as indicated in the radex plots given in the appendix.

b. Relsxation of Migsile CEP

In view of the fact that the lethal concentration of the
radiocactivity will cover approximately 30 to 50 times the blast or
thermal damage area, it may be possible to relax the CEP of inter-
continental missiles. As a matter of fact, it would be possitle
to wage atomic ‘warfare using ballistic missiles which are iptended
merely to hit certain areas of the ememy country. In the case of
Russia, it may be practical to develop missiles with an accuracy of
plus or minus ten miles or even plus or minus fifty or 100 miles,
This means that we have to forego the thermal and blast damage that
we get from a bomb and use only the radiation demage parameter. If
this is acceptable, then it may be possible to relax the stringent
guidance problems that we have placed upon our "guided" missiles of
the future. See Figure 11 for an illvetration of the excessive
contamination produced where 100 to 110 large bombs (15MT) are
contact burst on this country.

c. Limitations to the Offensive uses of Radiosctivity.

It should be noted that radiation damage from present atomic
or thermonuclear wespons is & transitory one. At best, it will cover
the enemy territory with lethal concentrations of radiocactivity
for a short period of time, but we know that the enemy can develop
simple counter-measures against this hazard and survive such an
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attack. We have then merely succeeded ip pinning the enemy's head
down for a period of from twelve to forty-eight hours. He can

come up after this time and fight back. However, it might be that
under certain circumstances merely pinning down {ne enery temporar-

ily would produce a decisive effect. There are some other specialized
uses of rediocactivity. For example, if we do not want to destroy a
city, and if we want to capture it intact, it may be possible to
attack it with radiation only by exploding the bomb say 15 to 30
miles upwind of the city, thus covering the town with lethal doses
of radiocactivity. If the winds aloft on target are not known,
several bombs must be detonated in the periphery of the target to

be sure to catch one city in the downwind path. Under such circum-
stances, it may be possible for us to take the town without destroy-
ing it. 1If we are to use our atomic weapons for this type of radic-
logical warfare it may be worthwhile to think of increasing the
number of bombs in the stockpile because we would need more bombs,
pot less, to do the job. I say this despite the fact that the
radiation damage area is fifty times more thap the blast damage
area. This is because the residual radicactivity decays rather
rapidly with time. 1In 24 hours, the H 4 1 hour activity is reduced
by 45 and in approximately 13 days, the activity is reduced by 1"M.
This means that if bombs are to be used for raiiologicsl warfare,
the attack must be repeated every 24 or 48 hours. (f course, the
initial attack could be so timed that if there is a large probabil-
ity that several contamination patterns will be superimposed upon

a given airbase, then these contaminating events will mot occur
simltaneously. Reference is made to Figure 11, If the attacks

in the California area or the New England area could be so timed
that a given airbase or stockpile site receives contaminating
fallout every three to six hours, then this would prolong the
redirl~gical hazard to a given area. (p the ~ther hand, if all
bombs were drcoped over the country at approximctely the same time,
e large portion of the garma radietion would die down in cne or

tvo days. It would be best to attack the enemy nation with
sufficient bombs to prevent reteliation in the first atteck. In
such an :‘ttack, every atterpt should be made to destroy the enemy
retaliatory power throughout the nation by hitting the targets, as
much as possible, eimultaneously. After this primary objective is
achieved, however, subsequent raids could be so timed as to increase
the radiation hazard to areas suspected of having & potential
ability to counterattack. If the Russian stockpile sites are in-
vulperable to the thermal and blast damage produced by our multi-
megaton barbs, then it may be necessary to keep the stockpile sites
and all approaches to it covered with such high doses of radio~
activity as to make entry and exit into the area virtually impossitle.
Radiological contarination may also be used to advantage ip areas
where the exact location of the target is not known. Since one bomb
of 15 Megaton yield proijuces excessive contamination, which covers
10,000 to 20,000 square miles, several such bombs should cover

most of the area of a given state or region. Un the other hand, the
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blast damage is permanent. It destroys buildings, it idlls aircraft
by shearing the wings off, it kills people by kpocking them dead
fram flying debris, and otherwise it is a damage that cannot be
repaired readily. In the case of radiation, if persomnel are exposed
to it in large doses, then it can kill just as surely as blast.
Hovever, if people take shelter where they have three to five feet
of dirt between them and the radistion, they can remain underground
safely for a period of from twelve to forty-eight hours and then
come on out and fight, After forty-eight hours, most of the radis-
tion intensity has been reduced to such a point where they will
not get a lethal amount of radiation within short periods of time.
So they can actually launch their missiles, warm up their aircraft
and take off and resume the fighting. UWe wust realisze the limita-
tions of rediological warfare. They are quite apparent. Hovever,
if the enemy is not forewarned and if the enemy is not ready with
adequate shelters, then we can really produce excessive casualties
in the enemy country by simply exploding our bombs on the ground.
By this method, we lose practically none of the thermal and blast
damage and in addition to this, we get the rediocactive damage as

a bonus, It seems that as we contemplate upon the offensive uses
of radiocactivity, the lesson we learn is that we must be realy to
defend ourselves against the radicactive hasard. If we are ready
with proper countermeasures, then we can blunt quite severely the
horrible copsequences of such a hazard., In other words, I believe
that we, as a nation, can by realistically simple means protect
ourselves against the radiocactive hazards. Ko one can say that we
can do this against the thermal and hlast criteria of the bomb.
Paradoxically, at this time, we have de-emphasized radiological
safety within the Air Force. It is recomrended that large pumbers
of enlisted and officer personnel of the Air Force be trained in
Radiological Safety Operations. At the present time, this train-
ing has been stopped. It is recomiended that a Radiological Safety
AFSC be created within the Air Force. At the present time, this
AFSC has been discontinued.
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APPENDIX

CONSTRUCTION OF FALLOUT PLOTS

A, Method of Plotting Fallout

The fallout plot or radex plot in its simplest form consists
of plotting winds from the surface up to the height reached by the
atomic cloud. The method of plotting is merely the vector addition
of winds. The winds are weighted to account for the amount of time
they spend through each layer of the atmospherg. It is assumed that
the soil particles bave a density of 2.5 gm/cm’ and that rate of
fall follows Stokes' lLaw:

agr (6,-€)

g o= ——=Fjuation 11

'T\

where

V « rate of fall

r = radius of spherical particles

m - coefficient of viscosity of air
g = acceleration of gravity
ez density of particles

el ; density of air

Although viscosity of air varies with temperature, for sake of simpli-
city, viscosity is usually assumed to be constant. Actually, an
accurate use of viscosity in the Stokes' Ejuation is not justified,
because the fallout particles are not all spherical, nor are they all
of equal density. Errors introduced by these assumptions far out-
weigh a more rigid analysis of the change of viscosity of air with tem-
perature., Also, the variation of winds aloft with time and space make
it difficult if not impossible to determine with great enough accuracy
the fallout area to justify the use of a more accurate rate of fall
formula. Reference 16 uses different rates of fall formulas for
different size particles. Although this may be justified for par-
ticles significantly larger than 100 microns and also for particles
less than 10 microns, an inspection of Table XVIA shows hat more than
50% of the total activity of a surface burst bomb is scavenged out by
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particles whose diameters are fram 20 to 100 microns. In view of
this, we neglect corrections to the simple Stokes' law., The Air
Weather Service Marmual on Pellout and Radex plots (19) and Colonel
George Taylor's method of Redex Plotting during Operation GREERHOUSE
(20) describe the method quite adequately. For the following winds
aloft information the sirple radex plot is given in Figure 1A,

Altitude in
Thousands of feet
. Above Mean Sea Wind Wind Speed
—Ievd = Direction  Jn Enots _
0 90 5
5 120 8
10 150 10
15 160 15
20 180 20
25 230 25
30 270 n
35 270 40
40 290 45
45 330 50
50 70 25
55 80 20

A spherical particle of 70 micron diameter and a density of 3 GH/EmB
will fall approximately at the rate of 6,000 ft/hr or at a rete of
1 knot. Hence, the trajectory plotted in Figure 1A shows the locus
at sea level of 70 micron particles falling from different heights,
In Figure 1A, the heights from which the particles have arrived is
listed in thousands of feet. For example, the arrow line between
roints B and C of the figure represent fallout of 70 micron particles
arriving from an altitude of 37,500 to 42,500 ft. above sea level.
Sioce Stokes' Law indicates that the fall velocity of particles is
proportional to the square of the particle radius, it is at once
evident thet 100 micron particles would fall at approximately double
the speed of 70 micron particles and similarly 140 micron particles
would fall four times as fast as 70 micron particles while 50 micron
particles fall at approximately one half the speed of 70 micron
particles. This means that from a given height, the amaller particles
would fall further away from ground zero than the larger particles,
For example, in Figure 1A, it is assumed that ground zero is at O
and & 70 micron particle originating at 42,500 ft. will arrive at
point C, hence 100 micron particles would fall at point D and 140

. micron particles at E. By utilizing this method, it is possible to
determine quite simply the complete fallout plot of any s’ -ed
particle as indicated in Figure 1B, By the use of Stokes Law

. (Equation 11) it would be simplc to find the times of fallou.. For
example, the fallout time at points C, D and E would be approximately
7, 3.5 and 1.75 hours rospectively. For greater deteils consult
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subsequent sections of the appendix or references 19 and 20,

B, Detajled Study of Fsllout from Pirst Shot of CASTLE Test Operation
1. i L] Dj u

In order to construct correct fallout plots, sdequate winds
aloft inforsation is required before, during and after shot time,
Unfortunately, during the first shot of CASTLE Test Operation (this
wat called BRAVO shot) there were no winds available froa the shot
island., The Navy (SS Curtiss) made some winds aloft measurezents
at 8 point south of ground sero., However, at Eniwetok, Kwajalein
and Rongerik (See Figure 1, Reference Map, for locations of these
islands) routine winds aloft informstion were taken,

2. L [ S Eff
on Radex Plotting

4 study of such wind data indicates that although there was
8 time variation of the winds aloft soon after zero time, there was
no significant space variation of the winds at a given latitude,
This means that the Eniwetok, Curtiss and Rongerik winds all varled
to approximately the same degree with time, In view of this, it was
thought worthwhile to use average values of Eniwetok, Rongerik and
Curtiss winds for H-hour and Eniwetok and Rongerik wind averages for
times after H-hour. Because the correct winds aloft is the key to
the proper anaslysis of CASTLE - BRAVO shot, this wind data is given
in Tables VIII, IX, X and XI where the average H-hour, H + 2:15 hours;
H + 8:15 and H + 14:15 hour winds are listed,
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IABLE VII1

B-Bour Winds, Using the Average Values of
Pnivetok, Ropgerik and Curtiss Winds

—
Altitude in
Thousands of Wnd Mrecticn Wind Speed
Joot An Deproes Ao Kpots
Surface 65 15
1 75 18
2 80 17.5
3 85 16
4 90 16
5 90 12
6 90 4
7 280 5
8 300 5
9 320 8
10 310 10
12 290 9
1. 290 12
16 290 1
18 290 18
20 280 20
25 250 25
30 250 33
35 240 40
L0 240 40
45 250 40
50 250 30
55 260 12
60 330 15
65 320 3
70 80 27
75 g0 13
80 30 30
85 ‘70 47
90 70 37
95 - -
100 - -
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1 290

16 300

18 300

20 300

25 300

_ 30 , 255
X 35 ; 2,0 42
40 ' 255 38
b 45 ' 250 37
50 260 30
“ 55 300 13

y 60 Calm Calm
5 65 Calm Calm
70 80 13
! 75 80 18
, 80 80 36
£5 80 13
3 N - —
; 95 -— -
100 - -
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B ¢ 14:15 Rour Winds Using the Average
Values of Eniwetok and Rongerik dinds

Altitude

Surface

FRBomuouwrwnw

Direction

80
9
100
100
100
90
100
Calm
50
280
280
300
330
320
320
300
270
260
250
240
260
280
280

8

270
Calm

888888

Speed

13
13
15
12
10
10
6
Calm
5
8
10
12
8
10
12
23
25
30
30
40
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This wind information is also plotted in Pigure 2 using simple redex
plots or simple fallout plots of the winds for 50 micron diameter
particles. An inspection of Figure 2 shows that the H-hour averape
wind plot goes approximately 20 miles NW and N of Rongelap and
approximately 40 miles North of Rongerik. The B 4 2:15 hour wind,
however, shifts 35 to 40 miles south in the area of Ailinginae -
Rongelap - Rongerik, The first temptation is to assume that if we
use the H 4 2:15 hour average winds in place of the H-Hour winds,

we get a correct fallout picture, but this is not true since such a
fallout plot does not properly account for the actual contamination
that is shown ip Figures 5 and 6, A detailed sxamination of Figures
2, 5, and 6 shows that the H 4 2:15 hour fallout plot does not
correctly taske into account the distribution of contamination on
Bikini, since according to Pigure 2, the islands in the south sector
of Bikini Atoll should all have about equal contamimation, but
Figure 6 shows that this is not true. Similarly, the contamination
patterns at Ailinginae, Rongelap, Rongerik and Bikar cannot be
Justified by the wind pattern of H 4 2:15 hours. Figures 5 and 6
were taken from Reference 12. It should be noted that the H 4 8:15
and H 4 14:15 hour average wind plots (See Figure 2) return to the
north of the islands, and appear to parallel the H-hour wind plot
more closely than the H 4 2:15 hour plots. Figure 2 shows that

the winds aloft simple radex plot ascillates consiaerably in eight
hours. In view of such a rapidly changing meteorclogical situation
it is not possible to prepare an adequate fallout plot utilizing
one set of average winds for ground gero and assuming that this
applies throughout the downwind area during the active fallout period.
As Indicated in Figure 2, there is a significant change in the winds
aloft picture within two hours after shot time, Because of this it
is mandatory to utilize a "Time Composite Radex Plot", which takes
into account the change in wind direction and speed in the down-
wind direction. The composite analysis starts at the desired
altitude and works the trajectory of a given particle to the ground.
This merely identifies the given particle size reaching the surface
from a given altitude. Uuhen such points are repeated for many
particle sizes and from all elevations of the atomic cloud, we
obtain the composite Radex Plots shown in Figure 3. Needless to say,
such a procedure is time consuming and demands accurate and complete
winds aloft information throughout the fallout area. Such inforra-
tion 1s not aveilable before the fact for operastional planning.
Certainly, we can't expect forecast winds to be so accurate

( 4 5° and § 2 Knots) within all altitudes. Hence, it is our
opinion that although it may be worthwhile to use Composite Radex
Plots for post analysis of a contaminating event, theré is mno
operational need to perform such detailed analysis before the fact,
What i1s required operationally is an indication of the correct
quadrant of fallout, and a guess as to which half of the quadrant
may receive the highest contamination. Figure 3 shows the composite
fallout plot for 50, 70, 100 and 140 micron particles., It should be
noted that this composite plot more nearly egrees with th%ﬁ“ﬂkcmvm
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contamination pattern shown in Figures 5 and 6. For sake of
simplicity, the 50 micron composite fallout of Figure 3 is plotted
separately in Pigure 4. A comparison of Figure 4 with Figure 6
shows considerable arreement between the plotted and actual contam-
ination as far as it is possible to do so with a one particle size
analysis. In subsequent paragraphs, after we have taken into
account the chance of particle size with height within the atomic

cloud, it will be shown that the Composite Radex Plot also accounts
for the contaminatiorp pattern in the islands of Bikini Atoll,

3. Assumed Activity and Particle Size Distribution Within
the Atomic Cloud at Time of Stabilization

A study of the downwind fallout fram the tower shots at
the Nevada Proving Grounds (T/S and U/K Test Operations) shows that
as the weapon yield is increased from 12KT to S50KT, the mass median
particle diameter of the active soil particles within the cloud
aerosol appears to decrease from 90 microns to approximstely 70
microns. This means that as the yield is increased (or the
scaled height is decreased) the gross particle size of the cloud
aerosol appears to decrease., However, it should be noted that the
experimental evidence in this regard is very meager, hence we
can't say with any degree of certainty that as the yield increases
the atomic particle size decreases. An inspection of the actual
contamination patterns when compared with winds aloft radex plots
shows that the soil particles in the lower half of the atomic
cloud stem appear to be significantly larger than the particles
in the upper half of the stem, and the particles within the mush-
room of the cloud are much smaller than the stem particles., 1In
this analysis, we are referring to soil particles mixed into the
fireball and sucked up into the cloud. These particles are assumed
to be coated with fission products more or less uniformly. An
analysis of Jangle-Surface fallout (See supplement to Reference 1)
shows that the average particle size distributios within the
bottom half of the cloud stem was approximately 140 microns.
Because of the inverse "filtering" action of the air, it is assumed
that the particle size within the cloud decreases with height. It
is anticipated that if a certain amount of soil is tossed into the
air, there would be a greater number of small particles at higher
elovations as compared to the particle size in lower levels, 1In
this study, it will be assumed that the particle size distribution
within a 15 MI atomic cloud at time of stabilization is as indicated
in Table XII,
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iABLE I

titude Above Mean Average par- Fumber Distribution of |
a Level in Thou- ticle Diameter Particle Sizes in Microns,
ands of Peet in Microns in Bach layer of a 15MT

1 Atamic Cloud at Time of
Stabilisation (4 minutes)

108 | 40F (40F | 10%

h (d mean) dpin {91 {92 | 9max

0 140 10 |[130 |50 | 170

5 130 100 [120 |0 | 160
10 120 9 |10 |130 | 150
15 110 g0 |10 120 | 110
20 100 70 90 |10 | 130
25 90 60 go {100 | 120
30 80 50 70 |90 | 110
35 70 40 60 | 80 | 10
40 60 40 50 | 0] %
45 50 35 45 | 65 g5
50 50 30 | 20| @] e
55 50 30 | 40 | 60| @
60 45 25 35 | 55 75
65 45 25 35 | 55 75
70 40 20 30 { 50| 7
75 30 15 20 |20} 6o
g0 20 10 | 15 | 35 50
85 10 5 7.5 25 | 35
90 10 5 5 20 30
95 10 5 5 |10} 1s
100 10 5 5 |10 15
110 10 5 5 |10] 15
120 10 5 5 |10 15

The percentage activity in each layer of a 15 MT atomic cloud at time °
of stabilization (4 minutes after bomb detonation) may be expressed by
the following relation:

PA=ka®t? oo Fquation 12

Where : .
PA = Residual radioactivity on a particle (Percentage)

= diameter of particle
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t = time after bomdb detonation

x = a variable vhich is a function of particle size., It has a

maximm variation of 1 to 3,

in Table X111,

Assumed values of x are given

The assumed average particle size and the percentage activity withip
each 5000 ft. layer of a 15 MT cloud is given in Table XIII. In this
table we have shown only that radicactivity which is impregnated on

relatively large particle sizes and which can readily fall-out due to

the gravity of the perticles,

It does not tske into account the

small size particles (10f%or less) mor does it include the fall-out
in and around the immediate ares of ground zero,

TABLE XIII
| Percentage Activity With-
titude Average in a 15 MT Cloud Impreg-
bove Mean Particle nated on Those Particles
ea Level Diameter Value of x that are Large Enough to
n Thousands | in Micron See Equation Fall readily out of the
f Fu. d Rumber 12. Cloud
’ h ean : PA | Cumlative PA |
N 0 140 -— — -—
5 130 1,2 4 4
10 120 1.3 9 13
15 110 1.4 4.5 17.5
20 100 1.6 5.5 23
25 % 107 8 31 o
30 80 1.8 12 43
35 70 2.0 20 63
40 60 2,2 15 78
45 50 2,3 7 85
50 50 2,3 6 91
55 50 2,3 3 94
60 45 2.4 2 96
65 45 2.4 2 98
70 40 2.5 1 99
75 30 3 0.5 99.5
80 20 3 — -—
85 10 3 — _—
90 10 _— _— —

\
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Table XIV gives the total (scavengable and pon scavengable) distri-

SEEhED

bution of activity ip a 15 MI cloud at time of stabilisation:

TAELE XTIV

titude |Percentage .
bove msl [Activity Held Percentage
n Thou- |on Activity on Curulative
ands of |Particles that Particles too Total
eet readily fall-out small to fall-out Percentage

h Brean PA dpeap | FA Activity |

o] 140 -— — —

10 120 7.5 — 10.8

15 110 3.8 — 14.6

25 90 6.8 — 26.1

30 80 10 — 36.1

35 70 17 — 53.1

40 60 12.8 _— 65.9

50 50 5.1 — ™

55 50 2,5 — 79.5

60 45 1 . 7 -—— 1 81 . 2

65 45 1.7 <10 2 84.9

70 40 0.8 <10 2 87.7

75 30 0.4 <10 2 89.7

80 20 —_— <10 2 91.7

390 10 — <10 2 93.7

95 10 — <10 2 95.7
100 10 — Q0 2 97.7
110 10 — <10 2 9.7 _J

49
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Using Bquation 12, it is possible to find the assumed percent-
age activity of the minimum and maximm particle sizes arriving
on the ground from a given altitude., When this is done we would
have some wvalue of the width of the fall-out area., This has been
dope and the values tabulated in Table IXV:

TABLE XV

-

Assumed Percentage Activity in 15 MT Atomic Cloud at
Time of Stabilization (4 minutes after bomb detonation)

Non Scaveng-|{ TYotal Percent-
able Activ- ctivit ,
Mipimmon Mean '\ I Maximum ity Cupulative
b 18min | PA |dmean| PA de:L PA PA PA PA
O]l = |e—=] O] eemm | — | =~ —— — | —
5 1100 |0.3}] 130 | 2,7 1160 }0.3 — 3.3 3.3
15 80 003 110 303 ]-LO 002 - —— 308 1406
251 60 |0.8 90 { 5.7 {120 0.3 — 6.8 [26.0
30} 50 1.3 80 | 7.7 j110 |{1.0 — 10.0 | 36.0
351 40 j2.1 70 }12.7 [100 2.2 — 17.0 | 53.0
40) 40 0.9 60 110.3 | 90 |1.5 — 12,7 | 65.7
451 35 (0.4 50 | 5.0 | 85 (0.6 _— 6.0 | 71.7
55] 30 j0.09] 50 | 2.3} 80 |0.09 | == 2,517.3
60| 25 J0.04| 45 |1.6 ] 75 |0.07 | —— 1,7 | 81.0
651 20 |0.04| 45 |1.6 |75 |0.06 ]| 1 2.7 1 83.7
701 15 J0.00] 40 | 0.78] 70 (0.02 } 2 2.8 | 86.5
751 10 |— 30 | 0.39] 60 }0.01 | 2 2.4 | 88,9
80 5 |— 20 0] 5 0 2 2,0 190.9
85 5 jo— 10 | — {35 |— 2 2,0 | 92.9
90 5 [ 10 | — } 30 |— 2 2.0 194.9
95 5 1-— 10 | =~~~ | 15 == 2 2,0 | 96.9
100 5 {-— 10 { — § 10 |—-~ 2 2,0(98.9
-0 5 |— 10 { — {1 10 |—- 1 1.0} 99.9
Although Table XV shows the assumed activity within the cloud

(scavengable and non-scavengable), it does not show the large
amount of activity that falls in and around ground zero within
one-half to one hour after bomb detonation. This immediate
fall-out is very large in particle size (100 to 10,000 microns

‘and larger) and it is very massive in amount., It is doubtful
whether Stokes law of fall-out applies in this region. This appears
to be large chuncks of debris returning to and near ground zero
more as a massive fall-out resembling the downpour of record break-
ing rainfall, This large particulate soil debris may shoot up to
50,000 to 70,000 ft msl for 15 MT surface burst bombs, but it falls

A
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down quite rapidly, The upper portions of this magssive column
fall out of the mushroom and upper stem within 10 to 30 minutes.
At lower elevations this massive fall-out may contimue for 30
to 60 minutes after detonation. To represent the assumed dis-
tribution within an atomic cloud of this massive fall-out
together with the rest of the particulates, we have prepared

Tabdle IVI.
TARLE XVI

Total Percentage Activity Within a 15 MT Atomic Cloud at

Time of Stabilization, taking into Account Massive Fell-out
in and near Ground Zero, Scavengable Activity Falling out in
the Downwind Path and Non-Scavengable Activity in very small

Particle Sizes (less Than 10 micron)

Massive FO Aaverage Non-
Activity in Particle Scaveng-
and Near Ground | large Par- |[Scavengable lable Cumila-
Zero ticle FO Activity Activity | tive
h Amagsive | PA dpean | PA  |Gpean| PA PA Activity
0 | 1000 2 — —— | — o 2
51 500 1l 300 1 130 1.3 j=— 5.3
10} 300 1 200 2 120 2,5 10.8
15| 200 175 2 110 1.8 14.6
201 175 140 3 100 1.6 19.2
251 150 120 1l 90 5.8 26,0
30| 150 110 1 80 9.0 36.0
351 — -—— 70 17.0 53.0
40] — — 60 12,7 65.7
L5 | -— — 50 6.0 7.7
50| = -— 50 5.1 76.8
55 — ——— 50 205 7903
6| — -— 45 1.7 81.0
65| -— — 45 1.711 83.7
75 | — - 30 0.4 | 2 8e.9
85 | — -— 10 0 2 92.9
95 | === —_— 10 0 2 96.9
100 | == — 10 0 2 98.9
110 | —— _— 10 0 1l 95.9
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and by the use of t was possible to epa.rel’
first estimate of the ares covered by the downwind fallout,
This dowvnwind area is shown in Pigure 7. It should be noted
that fallout originating above 52,500 feet has been omitted

for the sake of simplicity in the plotting since above this
level the winds begin to twrp back towards Bikini. Also because
of the extreme heights and because it is assumed that 80% of the
activity is held below 55,000 feet, it is our contention that

no fallout of military significance reaches the immediate down-
wind area from above 55,000 feet.

4. Meagsured Activity and Particle Size Distribution

Within the Atomic Cloud.

A planimeter was used to measure the three areas shown
in Figure 7. Then these areas, together with the percentage
figures from Tables XV and XVI were used to obtgin the dose
rate (Rphr) and the accumlated dose values (Déf and D{})

listed in Table XVII, An examination of Table XVII shows
that the assumed contamination on the islands of BikinI Atoll
are all large by a factar of 2 or 5, when compared with the
actual values shown in Figures 5 and 6. This indicates that
either the contaminated areas in the vicinity of Bikini shown
in Figure 7 are too small or the assumed percentage activity
in the lower half of the cloud stem (from surfact to 20,000
feet) is too high., We have decided to reduce the total per-
centage activity in the lower cloud stem (from sea level to
20,000 ft. above sea level) from 19.2% to 10%., This revises
Table XVI., The revised table XVI is shown as Table XVI.A,
Figure 8 shows the final fallout from first shot of CASTLE
Test Operation. The_igodose lines are in dosages accumulated
in 48 hours using g1 extrapolation.
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TABLE XVII

Calculated Nosages in the Downwind Area Using the Fallout Plot
Shown in Figure 7 and Utilizing Information in Teblex XV and XVI.

Ay = Central Area (Contaminated to the Greatest Degree

) 43 Yo o ow

h A, ty t2 tg Dty Dt Dt Dty D> D, R
0 -17.51 24 - 0.75 | - - 50,000 - - 100,000 | - 18,000
20 60 - 1 - - 4,370 - - 8,000 -- 1,600
25 2,0 - 2 - - 2,050 — - 4,350 -— 1,000
30 270 hted 303 i o— 3,950 —— - 7.850 ot Z,CXX)
35 760 Lo 5 huaand - 1’775 - - S,W -— 1'350
40 11,930 - 7.5 - - 410 - -— 1,350 -— 400
45 430 - 12 - - 625 - - 2,520 = 35
50 - 'y - -— 46

= 3
0 -17. 50 0.42 - | 0.16 | 51,500 - 6,900 | 83,500 — {100,000
27 %0 1.6 - | 0.5 | 20500 - 3,800 | 5,000| - | 6.300 1{.:%00
25 132 3.2 - | 1.2 3,500 - 5,300 | 8,350 — | 10,000 | 2,100
30 | 625 7 - | 2.2 670 - 1,240 | 2,000 — | 2l670 | 625
35 1,790 10 - | 3.5 520 - 725 | 1,440 | - | 1780 | 455
40 | 4,200 12 - | 5.5 100 - 177 o | - 575 | 145
I;g ) zgg » 1 - g. g 210 - 370 | 1,000 - 1,122 327
’ * éﬁ = ngasat Con;nfinatg Ardd 138 =~ 160 50“_7
20 96 3.2 -- | 0.8 670 — 1,600 | 1,170 - 2,100 | 4,300
25 20 5.2 - | 1.3 750 - 2,075 | 1,415 - | 2750 570
30 11,680 9.2 - | 1.9 110 - 370 215 -— 500 116
35 7,000 | 1506 - | 2.5 35 - 165 105 -— 238 57
zo 13’388 17.8 - | 3 g 10 - 54 3 -— ;{ 19
- . . .- -— 8
5 3,200 % - é.z 5.9 - 3 1; - 17 5

et ®wgfom



TABLE XVII Continusd

Explanation of Symbols.

b
A

t

Altitude above sea level in thousands of feet
Ret area within a given isodose line

Time of start of fallout for the esmall particles
in hours after bomb detonstion

Time of fallout for average particles
Time of fallout for large particles

Accumulated dose in roentgens from start of
fallout to 48 hours after bomb detonation,

Infinity or life time dose
Dose rate in roentgens per hour extrapolated 30

one hour after bomb detonation using the t-1
relation.

1948
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TABLE XVI A ‘
Percentage | Percentage Average Non- Cumu-~
{ Activity in Activity in Soavengable | Scavengable | lative
Massive Massive large Large Particle Average Activity Activity Activity
h | Particle | F.O0. in and Particle Fallout Particle
pear G.F,
— - e p—
h d P.A. Vassive d P.A. large d P.A. Avgaacd P.A. Kon- P.A. Cumud
Massive large mean Scavengable | Scavengshle | lative
0 1,000 b - - - -— - 1
5 500 0.5 300 1 130 1.3 - 3.8
10 300 0.5 200 1 120 2.5 -- 7.8
15 200 0.2 175 1 110 1.8 - 10.8
20 175 0.2 140 0.5 170 1.6 - 13.1
25 150 0.1 120 0.5 90 5.8 - 19.5
30 : 110 0.2 80 9.0 - 28.7
35 70 17.0 - 45.7
40 60 12.7 - 58.4
45 50 6.0 - 64.4
50 50 5.1 — 69.5
55 50 3.5 1 74.0
60 L5 2.5 2 78.5
65 45 2.5 3 84.0
70 40 1 3 88
75 30 1 3 92
80 20 1 2 95
85 10 0 1l 9%
90 o) 10 0 1 97
95 o 10 0 1 98
100 I 10 o 1 99
110 ; 10 0 | 100
o- A
=2 DATA
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C. Scaling of Radicactive Pallout to Different Jield Bombs Detonated

at Various Heights Alvve the Target

From a study of the residual radicactive fallout of tower shots
at Nevada (1) it appears reasonable to assume that the percentage
activity within a given isodose line remains constant when the bombd
Yield and the wind speed are varied, provided the scaled height is
kept constant, This assumption is contrary to the scaling proposed
by Schorr and Gilfillan (21) who seem to think that as the horizontal
mean wind speed increases, the percentage fallout within a given
isodose contour also increases. R, K. laurino, etal (22) have shown
fror a study of HE test data that the area within a given isomass
fallout area remains essentially constant despite different wind
speeds. This agrees quite well with our analysis of neer surface
nuclear detonetions (1) as mentioned above.

1. In the scaling process one of the most important parameters
is the time of start of fallout of residual radicactivity in the
different portions of the contaminated area. Unfortunately, very
little actual information is available on this parameter. Times of
fallout may be obtained from radex plcts quite accurately proviced
there is a significant directional shear to the winds with altitude,
For example, in Figure 1A there would be no doubt that the fallout
at line FC came from the 22,500 to 27,500 ft. elevetion. By super-
imposing a redex plot on the actual Jangle-Surface fallout (See
Supplement to Reference 1) we were atle to obtain some rough appreoxi-
mation of the particle size distribution within the Jangle-Surface
cloud, Unfortunately, there were no large directional shears to the
winds aloft during the surface shot of Jangle Test Operation, hence
considerable doubt i< r=et ¢~ the calculated times of fallout shcwn in
Table XX. This is especially true for the longer times of fallout.

2, In our scaling process, we do not use a "mean-wind". Un-
fortunately, many other organizations use such "mean-winds". It is
our opinion that the use of “mean-winds" introduces such large
errors, that if this approximation is used, then there is no pcint
in determining the fallout direction and intensity with any accuracy.
By "mean-wind?, we refer to the resultant wind., For example, in
Figure 1A, the direction of th- mean wind is represented by the line
OA, and the speed of the mean wind is 9 knots. If one were to
assume that the fallout occurred in the direction of OA, he would
make a large error, because the sctusl fallout follows not the
resultant vector 'OA, but the radex plot. Hence, we see that the
direction and extent of the fallout varies in a complicated manner
vhich may in no way resemble the “mean" resultant wind.

3. The following equations are used in the scaling process:

A
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t =

- = = = = Bquation 13

£ ar « = = = = Equation 13a

€1 - - - = - Equation 13b

----- Equation 13c

Percentage of total residual activity within a given
isodose line.

Area covered by the isodose contour in square miles.
Dose rate in r/hr et time of fallout.

"o m nm " opne hour after bomdb detonation.
Infinity dose
Dose from one hour to infipity.
Constant = 12 over an infinite smooth plane.
Borb yield in Kilotonms.

Time of start of fallout in hours after bomb detonation.

In our scaling process, as a first approximation, we assume that the
percentage activity within a given isodose or isorate 1line remsins
constant for two different yield bombs exploded at the same scaled
height. Therefore, we set P; = P> and we obtain the following

relations:

EAR, =
£ ARy = £A ()

Qe
£ av. = 2A0E %)

= - = Equation 14

S AR, ‘Jéét;>(;§#;>.'% _

- = « = = Eguation lia
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S ADiz 2A,P (—L%,—‘;) ----- Equation l4c

For any element of area, the following relations apply for the con-
ditions indicated:

Nt (" “1 .
A=A, v)(*:») Provided R zre,- - - - - Bquation 15
- UJ; éo e
A=A, ‘D’.)(“{{) Prondad P, sD----- Equstion 15a

Wy . ) ¢ - ===~ Equation 15b
Fﬂ'w D, = Da

A
"
"

W t - .
Rt W, ><E> Prride A R\FA' - = = = Eguation 15¢

..... Equation 154
" ¢ L TR
D= D, We)(‘z"; Proided Aa=Ry__ Equation 15e
’ Wy .
Das= Dl(w.) PM A-.,=A, ..... Equation 15f
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4. As indicated in paragraph C.1, above, one of the most
important parameters in the scaling process is the time of start of
fallout., As & first approximatation, it will be assuwmed that for a
given scaled height, regardless of yield, the normalised times of
fall from differcnt cloud heights are constant., Under this assump-
tion areas would scale as follows:

el
A'L:AI\%)(%D &'T\‘M ki‘ R‘- ..... Rjuation 15

Bt w” .
A A e

0bb

It should be moted that References 22 and 15 assume A2 = A(Th

The area scaling formula (Rjuation 16) is valid for a given scafed
height, provided the yield is not varied by more than a factor of 2
or 3. This means that the 15MI' Surface burst bomb of CASTLE Bravo
Shot may be scaled in accordance with Rjuation 16 for Surface burst
weapons of 5 MI to 45 MI' without introducing large errors. However,
for ylelds much greater or smaller than this, it is presumed that
Bquation 16 does not apply. To illustrate this point, Jangle-Surface

(1.15 KT) fallout is extrapolated to the CASTLE BRAVO yield of
w the folloving equation:
0. )Y
A=A @9 Pl Du=d, ----. Rjuation 164
BEST AVAILABLE COPY

B;uati% 16A was obtained from Bjuation 15a, and by assuming that
« The actual Jangle-Surface measured fallout data is given
in Tabla XVIII. This is then extrapolated to the CASTLE BRAVO case
by using Muation 16A. The results are tabulated in Table XIX,
which compares such extrapolated data with the measured CASTLE BRAVO
data obt&ined from Table XX. An inspection of 13 and Table
g he extrapolation from J-S (1.15KT) to CASTLE BRAVO

yation 16A underestimnates the con-
for the heavily contaminated
un contaminated areas, and by

for the light contamination areas,

¢ asee 4D
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JANGLE-SURFACE FALL CUT DATA

TABLE XVIII

. —

S0 P P b t d
Dti "B AC n [+ g pean
5850 10.05 (o005 { 2.2 ' 2,41 | 2000 0.05] 22
820 |0.10 | o.15 | 2.2 4.66 | 2800 |o.0835 | 18
hooo | 0.40 | 0.55 | 3.51 g.17 | 3800 | 0.133 | 160
345 | 0.75 1.2 | 2.21 | 10.58 | 3800 | 0.20] 10
100 |1.06 2.3 1.0 11.6 — | o0.25] 100
23 | 0.92 3.2 0.2 | 11.82 — | 0.25] 70
51,5 47 50 17 28,8 | 5450 | 0.6] 70
10 58 108 | 10.3 39.1 | 60% 2] =0
47 1 208 2.1 7.2 | 75001 3.9| 40
2.7 160 368 7.7 s5 | 7500 ] 5.1 35

1 210 578 4.1 59 | 7500 7] 30
0.35 83 661 0.7 59,7 | 7500 10] 25
4.5 9 757 7.8 67., | 6000 | 6.25| 27
1.2 2,3 | 1000 6.3 7.7 |eooo| e.8| 25
0.4 192 | 1192 1.6 75.3 | 9000 | 13.5| 22
h.12 600 | 1792 1.6 76.8 | 9000 | 17.5 |19.3
b.09 300 | 2090 | o0.23 7.1 | 9500 21| 18

TABLE XIX
5
v?»‘ﬂ
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TABLE IX

Measured CASTLT BRAVO Fallout Deta

. o0 v B° Using
b Volume Effect| A, Ay Pn |Pe te
k‘hm 10,000\ 16,200 60 60 2,7, 1 2,741 1
6,500 8,000 | 13,000 60 120 | 1.64| 4.40] 1
8,800 5,000 | 8,330 | &0 90 |15.30] 19.7] 3
5,000 2,000 | 3,330 | 1,200 | 2,360 ] 10 | 9.7] &
2,500 833 | 1,400 [ 4,920 | 7,080 | 30 | 59.7] 6
367 107 180 | 2,200 | 9,760 | 2.5 | 62.2| 8
325 75 125 | 6,200 | 15,980 | 5.3 | 67.510
105 20 33 |10,000 | 25,980 { 3 | 70.5]15
BEST AVAILABLE COPY

It is belleved that this i1s because we have assumed that fallout

time is proportional to the third power of the yield. This may be

a valid assumption provided the yield range is not too large. ‘e

may be justified in extrapolating a 1KT to the case of a 100 KT,

but certainly, we are not justified in going any further than this.
Similarly, we may extrapolate a 15,000KT to 5,000KT and to 45,000Kt,
but we certainly are not justified in stretching the 15MT model from
300,000KT to 1KT. The main error in the simple extrapolation factor
is the assumption that time of fall is proportional to the third pcwer
of the yield, The filtering action of the air appears to be pro-
portional to some factor of the particle radius. A study of the
tower shots dvring past test operations seems to indicate that the
distritution of particle size in a given cloud is more nearly pro-
portional to absolute height above the target rather than being
proportional to scaled height. The data in this regard is pot
sufficient for proper analysis. However, it is sufficient to indicate
at least the order of magnitude effect. In other words, for a 100MT
shot, areas would not scale in accordance with Equetions 16 or 16A.
Tt 48 anticipated that the highly contaminated areas may bc consider-
ably over that obtsined by Equation 16. This is because, regardless
o1 iue maximum height reached by the atamic cloud, it is believed
that the majcrity of the large (and therefore more active) particles
will be confined to an altitude below 60,000 ft. msl due to the
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filtering ection of the air. Since we only have two models of

surface burst bombs, we will use them to extrapolate to other yield
bombs as follows:

W Y6
A ..KA( = = = - « = = Equation 17
BEST AVAILABLE COPY

where

K 1s evaluated for different yield surface burst bombs in
Tetle XXI.

Tgueticn 17 is used ir conjunclicr with Table XX to obtain the
contaminated areas from different yield surface burst bambs. These
values are listed in Table XXII. In Figures 9A, 9B and 9C are
plotted the fallout from 15,000 KT, 60,000 Kt and 100 KT brmbs
surface burst on dry land. The yields arc assred te be fusion
yields. The wini distribution and the average perticle size distri-
bution with height within the atomic cloud is given in Table XXIII,
The values from Table XXIII were used to prepare the radex plot or
the general direction of fallout. After this, the areas and dosages
from Tatle XXII were used tc determire the intensity of fallout
shown in Figure 9. As we contenmplate on the large areas of con-
tamination shown in Figure 9, and in Teble XXII, we wonder just

how large is our country and alsc what is the area of the Soviet
Union? By merely looking in any Atlas or Almanac, we note that

the total area of the U.S., is 3,000,000 square miles and that of
Russia is 8,708,000 square miles (or used to be). This means that
100 bombs of the 60MI variety would cover this country with lethal
concentrations of radioactivity, and for Russia, the number of bombs
required is 300. Obviously, unless we prepare adequate shelters
now, more then half the people in this country would become radia-
tion casualties if the Russians can surface detonate on us from

200 to 500 bombs of the 60 MT variety. Figures 9 and the values

of Table XXII may be altered to take into account any variation in
height of burst by utilizing the information contained in Table II.
For example, if a 15 M bomb is detonated at 1,000 feet above
target (instead of on the surface) then the radiation dosage figures
in Figure 9A would be reduced by one half. If the same bomb is
detonated at 5,000 feet above target, then the fallout downwind
would be practically zero. Certainly, there would be no fallout of
any militery importance. By using the equation and the percentage
fallout given in Table II, similar calculations may be made for

any yield bomb detonated at any height above target,

S '49
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Values cf k listed for different yi~ld surfnce burst
weapons in various inten-ities of contaminaticn

n D‘}: : o ‘DE"LETED -

(Roentgens) 1, 25| 10 | 200 | s00| 100 | som | 15,00 | 45,00| 60,000 | 100,00 2_25,000-
5,000 0.2 0.2 |o0.3% | 0.47| o0.55 | o.8 1 1.3 1.38 1.52 | 1.82
1,000 0.27| 0.355[0.5 | 0.e2 | o0.69 | o.85 1 1.18 1.20 1.30 | 1.47

500 0.36 | 0.46 |o.58 | 0.69 | 0.75 | o.e8 1 1.13 1.14 1.21 | 1.32
100 0.43 | 0.52 |0.63 0.73 0.78 0.9 1 1.10 1.12 1.18 1.285
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TABLE XXIT
Contaminated Areas from djffarent \Yiold Surface Burst
Bombs . DELETED
B
Y
Die Dlt:f.(t'l‘% Dtg(v.n) . I Areas in square miles for the following yield (KT) surface burst bombs
oentgens Roantagps| Rosnresns] 1.74 10 [100 | 500 [1,000 | 5,000 |15,000 | 45,000 |60,000 [100,000 | 225,000
210,000 8,000 |13,000| 0.01Q| 0.22 |3.18| 25 4 | 288 1,000 3,620 | s5,030] 8,900 22,600
5,000 2,000 | 3,330| 0.0\l 0.47 | 6.9 53 95 620 | 2,160 7,820 | 11,000} 19,200] 48,800
1,000 400 670| O.42| 4 | 47 | 258 560 | 3,060 | 10,000 | 33,000 | 43,600] 76,000| 183,000
500 150 250| 0.8 7.5 | 814 430 ] 900 4,750 |15,000 | 47,200 | 62,200 106,000] 246,000
100 20 33| 1.75°|14.5 | 147 | 750 {1,560 8,100 | 25,000 | 76,500 1oo,oooH 173,000{ 400,000
y i
DATA
- Atomie ot 1946
)
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TABLS XXIII

Winds Aloft and Particle Size Distribution for the
Idealized Fellout Plots Shown in Pigures 94, 9B and 9C

Z#wmwpmww [aneds 2 32 ~ mideo

Welghting | Wind Direction Wind Speed

h d mean| Pactor In Degrees Io Knots
} 0 1,000 | 0.004 310 10
5 500 0.016 310 20
10 200 0.1 300 20
15 150 0.2 300 30
20 125 0.25 290 40
25 173 0.2 270 45
30 85 0.5 250 45
35 70 0.67 250 50
40 é6n 0.93 2,0 50
45 50 1.33 270 60
50 50 1.33 270 35
55 50 1,33 200 30
60 45 1.67 200 50

LE COPY
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D. Accumulstion of Dosage in Fallout Areas.

An inspection of past atomic test operations shows that during
the pcriod of fallout, more dosage is accumulated within the contamin-
ated area than can be accounted for by the t-1.2 decay law. This is
shown in Figure 10 and in Table XXIV. An inspection of the table
end the figure shows that active fallout lasts from 5 to 10 hours
after it has first started, It is diffiiu%t to explain why the actuel
dosare is greater than the celculated t™1+% wvalue, It cannot be a
change in the decay law, because this effect appears to be independent
of the time after bomb detonation. It arpears to be related to a
certein time interval after start of fallout. In view of this, it
might be & "volume-effect™, That is, personnel within the active
fallout area are not only subjected to radimtion that has already
fallen on the ground, but such personnel are also corpletely
surrounded by radiation in all directions including the vertical.
By this we mean to say that during active fallout, personnel are
completely enveloped in an air mass that has fission products in it.

-_—_— "t o
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Another way of looking at this is to assume that the radicactive cloud
covers the fallout ares ani extends 5,000 to 10,000 feet above it.
In most atomic test operstions, in order to keep dosage to monitors
to & minimum, no one is allowed to remain in fallout areas during
active fallout, The practice is to enter contamineted areas after

a time vhen decay has reniered the area "safe". This mpeans that
most of the residual radiocactive data is extrapolated from 6 to 12
hours after bomb detonation back to assumed time of start of fallout.
For example, in Figure 10, a radiologicel monitor would enter the
radiocactive con‘aminated arza at H 4 7 hours (Point A) at which
time the gamma dose rate would be approximately 0.03r/hr. This dose
rate would then ke extrapolated back to start of fallout (H 4 1.7 hour:
by the t-1:2 relation. By this procedure it can be shown that at

H 4 2 hours the dose rate should have been approximately 0.135r/hr.
However, we see in Figure 10 that at F 4 2 hours the actual dose
rete was 0,80r/hr. Thus we sc> that such an indiscriminate use of
the t=1+2 relatiop can lesd to errors of 500% or more. On the other
hand, if the t-1:2 1aw is used at H 4 2 hours, then the extrapolated
reading for H 4 7 comes to 0,18r/hr, This should caution all of us
in the indiscriminate use of the t~1+< reletion. We cannot give a
quantitative explanation of this "Volume-Fffect" of fallout at this
tirme. However, what 1s important is that this effect is observed
and well-documented on pumerous occasions, and there is no doubt
about its validity; therefore, we must take it into account in our
calculations. An explanation of Just why this "Volume-Effect®
occurs is secondary to our problem at the present time, Tsable VII
ir. Sectior VI of thils repcrt compares the integrated dosage
accumulated if the t~1:2 relstion is employed to extrepolate back
to time of fallout. For those people who like to have curves of
decay expressed as exponentials, it can be shown that for a period
of approximage one hour after fallout has started the decay curve
follows a t77° parafeter; between 1 hr and 6 hrs after fallout
this changes to a t~ 8 and from 6 hrs o many weeks, the decay
finally settles to a t~1.2 pelation. However, this should not te
construed to mean that the gamme decay does not follow t~1:2 decay.
It is our opinion that the gross fission product garma decay from
atomic or thermonuclear weapons follows t=1.2 relation. The beta
particle decay, however, follows t-1.2 relation for fission bombs
and t=2 for thermonuclear bombs, Figure 10 was taken frog

Reference 17,

BEST AVAILABLE copy
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TABLE XXIV

Ratlo of Actual Dose Rate and Integrated Dose to that
Calculated from the t-1:2 Relation at Lincoln Mipe,
Nevada, Which was in the Downwind Pallout Path of
Shot #5, TUMBLER/SNAPPFR, Test Operation in 1951,
Pallout first began at H 4 1.5 bours.

Time in Hours Ratio of Actual Dose Ratio of Actual
After Bomb Rate to_that Compu Integrated Dose
Detonation from t-1.2 : to that Calcu-
: R) lated fram t-1.2
t, (R*) D)
D')
1 — _—
2 6.2 3.43
3 1.88 2.82
4 1.5 2.46
5 1.5 2.32
6 1.33 2.22
7 1.07 2.1 -
8 1 2.08
9 l 2.00
10 1l 1.¢2
11 1 1.8¢
12 1l 1.85
2 1 1.75
36 1l 1.71
48 l 1.67
1 1.25

—BEST AVAILABLE COPY

Similarly, during Shot #2 of UPSHOT-KNOTHOLE Test Operation (1953)
the 12 and 2 hour integrated dosage reatios were 1,17 and 1.105
respectively at Lincoln Mine. During Shot #9 of UPSEROT-KNOTHCLE,
the fallout at St. George, Utah began at H 4 4 hours and the 12
and 24 hour dose ratios were 1.5 and 1.3 respectively.
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PO
E, World-Wide Radioactive Contamination

r——

1., In a number of papers dealing with the world-wide contamina-
tion problem there is an upper limit given to the number of bombs
that we can use before the planet becomes contaminated beyond a
certain tolerance level, One such "guesstimate" is a total of
25,000 megatons. This means tha* i aBpro:dmtely the equivalent of
0.125KT of fission products (3x105t<. < curies) are spread over ome
square mile, we would have reached the tolerance level, There is
considerable doubt as to the order of magnitude of the 25,000
megaton value mentioned above. Rowever, we must assume that there
is an upper 1limit and that this upper limit may well be between
25,000 to 250,000 megatons, This limitation has military signifi-
cance, For example, if 25,000 megatons is chosen as the upper limit,
then we are allowed only one hundred bombs of 250 megatons each, If
the American and Russian stockpile were composed of 250 megaton bombs,
then the two nations together could not use more than 100 bombs
between them., However, if the stockpile is composed of 25 megaton
bombs then one thousand such bombs could be exploded., Therefore we
must either limit the yield of our nuclear weapons, or design our
thermonuclear weapons so as to minimize the fission yleld from U238,
and yet to increase the fusion yleld to the desired megaton level,
If this could be accomplished, it is believed that we can increase
the yleld of our thermonuclear wespons to 100 megatons without
seriously concerning ourselves with the world-wide contamination
problem, It had been assumed until recently that Strontium 90 was
the main culprit in the wvorld-wide contamination. However, a recent
report by Dudley (Report on Project Gabriel, of the Division of
Biology and Medicine of the U. S. Atomic Energy, July 1954, Secret,

RD) shows that Jodine-131 must als ourt in our
computations. BEST AVA'tKéLkE‘ ﬁﬁl’?

2, If we wvant to minimize the world-wide contamination level,
we must detonate our ®dgaton weapons either on the surface aor
underground. By contact bursting a nuclear weapon on the ground
wve are sure that 85 to 907 of the total residual activity is
deposited on the enemy nation, thus leaving 10 to 15% for slow

deposition throughout the world. This makes the contact fuze for
mltimegaton weapons almost mandatory.

3., If it is decided to increase the radiocactivity of the bomb
by Cobalt or other agents, we would increase the danger of world-wide
contamination. Cobelt-60 will nd to contaminate the world because
of its long balf life. If such seeding agents must be used, we must
concentrate on those isotopes whose half life is less than > to 5
days, so that the majority of the activity would die down before
it reaches our hemisphere in 10 to 15 days. A cobalt device (and
not & cobalt bomb that must be carried by aircraft) may be the most
efficient contaminating agent if the device is large enough, and if
1t 4s buried deep enough to assure that more than 95% of the activity
will fall on the enemy nationm. TA
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4. It should be noted that if the equivalent of 0.125 KT

of fission products is spread over one square mile of the earth's
surface, then this would be equivalent to the fallout on the sur-
face froe a unifora distridbution of 25,000 MT of fission products
throughout the atamosphere, Therefore, assuaing no fractionation
of radiopuclides, if an area 1s covered with an infinity isodose
line (DT ) of 550 roeatgens or a 48 hour integrated dose (DJ?)
of 200 roentgens, that ares has sufficient Strontium 90 in it to
be 8 possible hasard, Thie means that every time we detonate a
15 MT boadb on the surface over eneay territory, we render approxi-
mtely 15,000 square miles of that country useless for agriculture
(assuming 25,000 MT is the limiting value), If 250,000 NT is the
liaiting value, then each 15 NMT boab would render useless 1,500
square miles of enemy territory., Of course, we can avoid this by
detonsting our boabs in the air, If we do this, however, we in-
. crease the world-wide contamination, It is a question of either
contaminating excessively the enemy country (and later have to
feed hia) or getting the rest of the world contaminated.

5. A&ccording to Dr, W, F, Libby (see Rand Reports: R-251-4EC,
"Torld-Wide Effects of Atomic Weapons, Project Sunghine™, and
RM-1280-AEC) stillborn Chicago bables by January 195, showed 1/6
Sunshine Units of Sr 90 uptake, It is assumed that 1000 Sunshine
Unites is the minimum permissable concentration of Sr 90 in the
skeleton (1000 S.U, = 1€ or 5 x 10°3 Mga of Sr 90 per man),
According to Sunshine estimstes, 25,000UT may bring the populstion
to the minimum peraissable concentration, By January 1954, approxi-
pately 1OMT (fission yield) had probably been exploded throughout the
world, The majority of this was exploded on the surface (IVI-MIKE),
This means that 85% of the 1OMT yield is in the Pacific Ocean within
300 to 500 downwind of ground sero. BHence only a total of 1,5 to 2uT
of fission products were available for world-wide contamination by
Janusry 1954, 1/6 Sunshine Unit found by Dr, Libby in Chicago babies
represents the equivalent of approximately 4.2HT of fission products
distriduted throughout the world according to Sunshine estimates.
However, if our estimate of fallout is correct, the concentration of
Sr 90 in Chicago babies came from only 24T, This aeans that perhaps
the original Sunshine estimate of 25,000 NT limiting value is high
by a fector of 2, If the Libby experiment ie repeated, and if it
sccounts for the CASTLE shots as well as it did for the IVI-MIKE
Shot, then we must re-evaluate the world-wide contamination problem,
Conversation with Dr, Western and Dr. Dudley of AEC Division of
Biology end Medicine has brought out the fact that the Sr 90 may
have entered the human biologicsl cycle directly from external
deposits of fission products that fell out on leafy vegetables
and the like,

A
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IN. RECOMMENDATIONS SN

1. The 4ir Porce should reactivate extensive training in
Radiological Operations. Such training should stress the use of
realistic, military tolerance doses for redistion as compared to
the existing civilian tolerances, The foramer radiological engineer
AFSC should be reactivated in order to sttract coapetent personnel
into this field.

2, Provisions should be made now for simple military
countermeasures against the extensive radiocactive fallout mensce.
Such counterseasures should include the construction of adequate
shelters, decontamination procedures, and as much as possible, an
automatic recording net of the rediosctive contamination through-
out a given region of the country,

a, Shelters must have 3 to 5 feet of dirt or sand or
cement around them, but they need not be fancy. For example,
there is no need for sanitery facilities if such shelters are in
the basement of air instsllation buildings, since personnel could
leave the shelters for short periods of time, Similiarly no pro-
vision need be made for cooking or messing facilities, There is
no need for alr conditioning or for air tight seals to doors and
windows, »

b, Decontaminstion should be as automatic as possible,
Perhaps ruanways could be washed as the fallout begins, The problem
is similar to snow removal where under certein circumstances, it
may be best to start removal while there is active fallout, Washing,
vacuuming and other common sense methods may also be emaployed, Rune
ways may be covered with canvass or other materisls, which can be
rolled out, thus decontaminating & sufficiently large area in the
runway to load bombe and to get ready for take-off, If a circular
area of 100 to 150 feet radius is cleared of radioactivity,q ® man
in the center of such an srea would be safe, even if the area out-
side this circle is contaminated to high levels,

¢. The use of radiological monitors should be minimized
in an 4ir Base in order to keep radiation casualties to a minimunm,
In place of airmen carrying portable radiac instruments (and walking
throughout the airbase or riding a jeep) to delineate the fallout,
we need instead permsnent installations of rsdiological instruments
in selected spots on and around the Air Base, It is believed that
with the advent of sultimegaton weapons, the probebility is high
that the fallout pattern would cover all of the Air Base more or
less uniforaly. igoe Figures 11 and 12), In the past, the fallout
pattera from 70 to 100 KT weapone were considered, Under such
circumstances one portion of the Air Base may be highly contaminated
while another area may be relatively clear of contanination, Now,
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however, because of the fact that lethal concentrations of radio-
activity may cover five to ten thousand squsre ailes froa one boadb
alone, it would be unwise to perform e needlessly detailed radio-
logical survey of the Air Base. In the event thst the dir Base
Commander desires & detsiled contanination pattern, he can accom-
plish this by installing in all four quadrants fixed radiological
instruments with provisions for continuous recording, It msy be
desirable to locate seversl of these instruments outside the Air
Base in the event that the dir Defense Command may want a look at
the continental fellout pattern, If rsdiological instrusents are
placed outside the weapon radius (5 to 15 miles) of our larger
boabe then even if the Air Base is demolished a central Headquarters
may still get the continental contamination pattern, 4lthough
presently authorized portable rediac seters cannot accurately
indicate a dose rate above 50 r/hr, it would be relatively siample
to construct permanent installations of radiological instruments
that can indicata 500 r/hr of gamma, If each Air Base is equipped
with such permanent radioclogical instrumentation, it would be
relatively simple to place this information on an established
compunication net such as the Weather Net, etc. for use by agencies
responsible for the defense of this country,

3. 4n analysis of this report brings out the fact that in
the absence of countermeasures, the fallout from one boab (15 NT)
could endenger the populations of Washington, D, C,, Baltimore,
Philadelphia, and New York City (See Figures 11 and 12)., This
means that an unprepared and an uninformed nation will suffer
horrible casualties from radiation., The report also points out,
however, that by relatively simple means (proper education, early
warning, shelters, etc.) it may be possible to reduce significantly
the radiation casualties throughout the nation, Certainly there is
no such "cheap” method of protecting our Cities and our population
against the blast damage from nuclear weapons, For this reason the
best national interest would be served if the military and civilian
population are advised of the proper countermeasures agaeinst the
radioactive hazard,

4. It is recommended that all multimegaton weapons be sur-
face detonated on the eneay country in order to reduce the world-
wide contamination. It is believed that 80 to 90% of the total
residual activity of a bomdb is deposited on the eneay country if
the bomb is surface burst, thus leaving only 5 to 108 for contaai-
nating the rest of the world. If weapon yields in excess of 100 MT
are required, it is suggested that we start now looking into the
poseibility of building TN wespons without the use of large amounts
of U238, In other words, the yield of our TN weapons should be
mainly from fusion, rather than fisslion, in order to minimise the
possioility of contaminating our planet beyond a certain tolerance
level of residusl radistion,
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Explanstion of Figure 11 S—

The figure represents the idealized contamination patteras over
this country, if 111 nuclear weapons of 15 MT yleld are contact
burst over target. The targets consist of the 106 cities of this
country whose population is 100,000 or more, and five selected
airbeses, Each fallout plot consists of two areas. The small inner
area covers 12,500 square miles and represents an average infinity
dose of 2,700 roentgens, which is equivalent to & 48 hour integrated
dose of 1,420 roentgens and a 24 bour dose of 1,140 roentgens.

The large outer area covers 25,000 square miles and it represenis
an infinity dose of 190 roentgens and a 48 hour dose of 75 roentgens.
The dosages are computed on a "Volume-Ef’ect” basis rather than on
a t-1.2 relation (See Section g of Appendix for details om
Volume-Effect). The areas were obtained by averaging the values given
in Table XX and in Pigure 12, Aa inspection of Pigure 11 shows that
each contaaination pattern is slike no matter where the boab is
exploded over the conatry, 4t first glance this may seea to the
reader an unwarranted siaplification, However, in an earlier re-
port (see Reference 6) the same analysis was made using the actual
winds aloft over each target, This waes & very tiame-consuaing and
tedious analysis, Some of the contamination patterns were long and
thin, others short and wide, sose were elliptical, others more
tortuous patterns. However, the net total effect was the same as
in Figure 11 of this repart. That is, both analyses showed that
there was no place to hide in the Bastern part of the U, S, and

the North Bastern U.S., was contaminated over and over again, The
primary purpose of Figure 11 is to illustrate that during atoaic
warfare dispersal of aircraft and evacuation of personnel cannot

be relied upon as silitary counterseasures, On the contrary, a
Comrander aay lose more of his forces by evacuation and disperssl,
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